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Abstract 
Preservation of Botanical Specimens 
Retaining the Natural Colour Pigments 
The history of preservation of botanical specimens goes back to 
the very ancient period Moreover the nature itself preserved a huge 
amount of plants particularly during Carboniferous period about 345 
million years in the form of fossils. Ancient Egyptians preserved elaborate 
garlands and made detailed preparations using grains and herbs for their 
dead for metaphysical reasons for about 3000 years since 2600 BC 
Medieval Monks harvested and dried flowers and herbs for medicinal 
purposes Victorian ladies considered floral garlands to be an essential 
fashion accessory and they used to display dried flowers in glass domes 
Flower craft enjoyed most popularity in Victorian England The interest 
in dried flowers comes in waves bringing all the old applications and 
techniques along with fresh inspirations and ideas. In spite of using best 
chemicals for improvement of keeping quality and enhancement of vase 
life, the cut flowers is lose charms due to microbial activities and ageing 
process Dried flowers, herbs, grasses and to a lesser extent seed head 
are used by florists to design the semi-permanent maintenance-free, 
beautiful and decorative arrangements and the Pot-pourri mixes (A 
mixture of dried flowers and leaves used for making a room smell 
pleasant) Plant parts like Rose buds. Ferns, Pine cones, Lily pods, 
Marigold, etc are the primary raw materials for the floral arrangements 
These materials are used sometimes after dyeing and colouring Botanical 
specimens which comprises, flowers, leaves, buds, stems, etc , preserved 
in the fluid or pressed and dried as herbarium specimens, lose their original 
colours. Apart from the immediate changes, loss of water and desiccation 
of cell contents on drying, the most obvious short-term chemical changes 
for normally dried and stored specimens involve loss or change of colour. 
Little is known about long-term changes in the chemical compostion of 
normally dried and stored plant materials. The main physical changes 
includes destortion of shape, loss of flexibility and brittlement, and these 
changes appear to be primarily caused by loss of water from the specimen 
rather than significant chemical changes (Bedford, David J , 1999). At the 
early stage flower and other parts of plants were dried simply by hanging 
them upside down. But for preserving the original colour and shape 
experimentation started in 1949 with all imaginable ways. Baker, G.E. 
(1949) preserved flowers in deep freeze. Collected flowers packaged in 
lined paper bags of the type sold for food processing and placed in a 
commercial deep freeze locker. Harris, R.H. (1964) described the drying 
technique of Vacuum dehydration and Freeze drying for Animals, Fungi, 
Algae and some flowering plants.In this method specimens first frozen at 
-15 to -20 °C for a few hours; then placed in a vacuum chamber at the 
same temperature together with a quantity of desiccant for absorption of 
the vapour. A paper by Bhartia et al. (1973) looked at combinational 
Microwave and hot air drying of various substances, including Silica gel. 
This work shows that microwaves enhance the rate of drying when 
compared with hot air drying. Davitt, Laurence M, Thomos Cochis (1978) 
of Anniston Museum of Natural History, in Anniston, Alabama, prepared 
Red-oat grass for the use in Savanna diorama. In 1979 NBRI Lucknow, 
India published a bulletin on 'Dehydration of Flowers & Foliage' by well 
known floriculturists and scientists M.A. Kher and J.C. Bhutani. Chase 
and Hills, (1991) compared Silica gel with Drierite (CaSO^) as a suitable 
desiccant for drying leaf samples. Fuller and Barbe (1981), Hall (1981), 
Sauleda and Adams (1981) refer to drying specimens in a Microwave oven. 
Kathy Reid (2002) preserves flowers by freeze drying technique. Sharon 
Bale (2004) preserved the flowers by drying with the help of Silica gel. 
Drying can often be achieved in air if the relative humidity is sufficiently 
low or with the assistance of dry heat (Forman and Bridson, 1989). 
Pressing plants between moisture-absorbent sheets is a stock method that 
hasten drying (Thompson, 1926). Heat fixation in a Microwave oven is a 
potentially useful technique, for succulent plants (Fuller and Barde 1981, 
Stoddart, 1989). However, in view of problems with 'hot spots' of 
degraded tissue, this method should only be applied with caution. Dry 
preservation, while inexpensive, is inadequate to maintain the form, colour, 
texture and internal morphological integrity of many specimens, especially 
soft materials. (Reid, 1994). 
In wet preservation different kinds of preservatives like Alcohol, 
Formalin, Acetic acid etc. are used. In the process of using these chemicals, 
plant tissues are preserved without much shrinkage there by keeping the 
forms of the specimen almost intact, but the colour of the tender and soft 
parts change within a very short duration because these preservatives 
destroy the natural pigments in the cells. The cause of changing of the 
colours of botanical specimens is due to the pigments which are made up 
of organic compounds and when they come in contact with acids or alkalies 
they get oxidised and start losing and changing their natural colours. Even 
slight change in a pigment structure changes the entire shade of the colour 
of the specimen. When the Magnesium-ion comes out from the Chlorophyll 
structure the green specimen turns brownish. Similarly other pigments 
like Xanthophyll lose their original colour due to the effect of different 
chemicals on their structure. Preservation of such specimens without 
changing colour is a problem which encounter the museum personnel. 
In 1838, Cleghorn suggested presenting the plant specimen with 
colour in a saturated solution of common salt in water. This method 
preserves the colour only for a few months; and traces of salt get deposited 
as dirt on the inner sides of the container. Mr. C.E. Jones (July, 1917) 
had been preserved green foliage and plants by boiling in a solution of 
Copper acetate and Acetic acid. Maltby, (1926) recommends a number of 
methods for preserving different types of plant parts with colour. For 
preserving green part of plant, he suggests, keeping the specimen in a 
solution of Copper sulphate and bubbling in Sulphur dioxide gas. Blaydes 
(1937) suggests storage of specimens in a 0.2% solution of Copper 
sulphate in the standard Formalin-acete-alcohol. Chandrashekar, M.S. 
(1958) has suggested preserving the green plant specimen with colour. 
The procedure suggested, requires the employment of two solutions -
solution A, saturated solution of Copper sulphate in 10% aqueous Formalin 
; and solution B, 5% aqueous formalin. Knudsen, (1972) reveals that when 
preserving huge quantities of specimens in small containers, increase the 
percentage of Formalin. Use Formal-acetic alcohol (FAA) for preserving 
specimens intended for slide-making and histological studies, in the ratio 
of 93 parts of Formaldehyde to 3 parts of Glacial acetic acid. 
In the light of above facts, some experiments were planned and 
conducted for retention of the colour of some selected plant specimens. 
The present research is a more detailed analysis of the effects of different 
grain size of Silica gel on shrinkage of petals and leaves, effects of 
temperature on natural colour pigments and physical appearance and so 
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on. For the preservation of pigments of plant specimens in liquid 
preservatves, different experiments were also conducted. 
Experiment for wet preservation were divided into two phases. In 
phase one experments for fixing of colour pigments were conducted. In 
Phase two experiments for preservatives were conducted. The following 
plants were selected for the experiments which include: Dahlia, Coccinia 
cordifolia, Iberis amara, Acalypha indica. Asparagus racemosus, Lantana 
indica, Bougainvillea, spectabilis, Sonchus arvensis, Thevetia peruviana, 
Bauhinia sps. All the plant specimens collected between 9:00 am to 11:00 
am. For the preservation of plants in fluids, experiments were started with 
the evaluation of optimum quantity of Copper sulphate with 1 ml 
Formaldehyde for the fixing of Chlorophyll. The specimens Coccinia 
cordifolia, Iberis amara, Acalypha indica. Asparagus racemosus, Lantana 
indica, Bougainvillea, spectabilis, Sonchus arvensis, Thevetia peruviana, 
and Bauhinia sps. and Justicia placed in different chemical concentrations 
for 24 hours for fixing of green colour of the specimens. Coccinia 
cordifolia, Iberis amara, Acalypha indica. Asparagus racemosus, Lantana 
indica, Bougainvillea, spectabilis, Sonchus arvensis, Thevetia peruviana, 
Bauhinia sps. and Justicia, which were not fixed in the any above solutions 
and kept in the new set of solutions. Solution which contains Formaldehyde 
2 ml, and Copper sulphate 1 gm shows retention of good green colour in 
Iberis amara plant, all other plants shown unsatisfactory results in all 
other solutions of this experiments. Solution which consist of Formaldehyde 
2 ml. Copper Sulpahte 1 gm, and Propionic acid 1 ml given more 
satisfactory results for Iberis amara. But other specimens like Coccinia 
cordifolia, Acalypha indica, Lantana indica, Bougainvillia spectabilis, 
Thevetia peruviana, and Bauhinia sps. But green colour of Sonchus 
arvensis, and Justicia was not fixed in the above solutions. Solution which 
comprises Formaldehyde 1 ml, and Copper sulphate 32 gm considered as 
the best fixative for Asparagus racemosus species. Specimens those shows 
satisfactory results in different fixative solutions, selected for testing of 
preservative solutions of diffrent chemical concentrations. Samples of 
Asparagus racemosus, Coccinia cordifolia, Acalypha indica, Bauhinia 
sps., Iberis amara, Lantana indica, Bougainvillia spectablis, and Thevetia 
peruviana revealed better results, hence selected for further experiments 
on preservatives. Samples which were best fixed taken out from the 
solution and washed three times with distilled water and placed in 
preservative solutions. Jars were sealed and stored at 18 °C ±2 in dark 
for further evaluation of colour retention. The specimens preserved in 
solutions consists of Formaldehyde 1 ml, and increasing quantity of Citric 
acid from 1 gm to 16 gm shows changes in colour of leaves after 3 days in 
increasing order in all samples. After one month leaves were started to 
fall from anterior side. Within two months green colour of leaves were 
faded completely in all the samples. Specimens preserved in solutions in 
which Citric acid were used as preservative, but none of the specimen 
found satisfactory. After two months of preservation, fungus growth 
developed in all five samples of this experiment and green colour of 
specimens destroyed. Specimens placed in the solution of distilled water, 
Formaldehyde and increasing quantity of Propionic acid from 1 ml to 16 
ml, solution turns milky when quantity of Propionic acid exceeds from 4 
ml. Specimens of solution (Formaldehyde 1 ml, Propionic acid 1 ml) 
reveals good green colour in all samples. No further colour changes found 
in these specimens for 15 months. All the samples that contains 
Formaldehyde 1 ml. Propionic acid 1 ml, and increasing quantity of Citric 
acid from 1 gm to 16 shows no trace of green colour in any sample Green 
colour faded in all samples and leaves were fallen in all the samples and 
none of the samples were found satisfactory It is found that the quantity 
of Formaldehyde and Propionic acid are shown same result as preservative 
for Coccima cordifolia, Iberis amara, Acalypha mdica, Lantana indica, 
Bougainvillia spectabtlis, Thevetia peruviana, Bauhima sps. and 
Asparagus racemosus plants Bluish white flowers oflbens amara faded 
after six month, but green colour not faded even after 18 months The 
experiments in which specimens were best preserved repeated for storage 
in dark and room light during fixing process and final storage Specimens 
those stored in dark during fixing process and final storage process gives 
more better results than those specimens which were stored in dark only 
during final preservation process The experiments shows that the quantity 
of Copper sulphate required for better fixation varies with specimen to 
specimen Some specimens like Bougainvillea shows better fixing in 1 gm 
while other specimens like Asparagus racemosus shows good green colour 
in 32 gm These results coincides with the findings of Mackenzie (1928), 
who used Copper sulphate with some other chemicals to preserve different 
plant parts, e g for mature dark-green foliage, a stronger Copper solution 
was used than for young tender light-green leaves Chandrasekhar (1958) 
applied saturated solution of Copper sulphate to many other specimens 
found unsatisfactory The results shows unnatural dark bluish green colour 
appeared on entire specimen 
The specimens showing good green colour after preservation and 
a fresh specimen of Bougainvillia spectabilis selected for the 
Spectrophotometric anaysis of Chlorophyll contents The method adopted 
i(S\ the estimation jof Chlorophyll content was practiced by Mackinney in 
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1941. Spectrophotometric analysis for Chlorophyll contents reveals that 
the specimens firstly fixed in a solution of 1 gm Copper sulphate, 2 ml 
Formaldehyde, and 1 ml Propionic acid and secondly preserved in 
Formaldehyde 1 ml. Propionic acid 1 ml, in which the quantity of 
Chlorophyll a 0.52 mg kg ' and quantity of Chlorophyll b 1.03 mg kg ' 
measured in the sample whereas the quantity of Chlorophyll a 0.97 mg 
kg"', and Chlorophyll b 1.97 mg kg ' was measured in fresh samples of 
Bougainvillea spectabilis. 
Specimens of Dahlia, Sonchus arvensis, and Thevetia peruviana 
containing yellow flowers were selected for experiments for the 
preservation of yellow colour pigment. Five solutions comperising 
Formaldehyde 0.5 -8 ml and Propionic acid 1 ml prepared. Specimens 
placed in separate jars of fixing solutions for 24 hours in dark. Thevetia 
peruviana changed into brownish yellow after the treatment and the green 
colour of leaves faded. Although some amount of yellow pigments 
dissolved in the fixative solution. Yellow Dahlia flower and Sonchus 
arvensis fixed well in Propionic acid 1 ml and Formaldehyde 1 ml. Green 
colour of sepals faded in both specimens. Specimens stored in the different 
concentration of preservatives for the evaluation of their effectiveness. 
Solution which containg Formaldehyde 1 ml and Propionic acid 2 ml was 
satisfactory for Sonchus arvensis. Fifteen replicate specimens (Dahlia) 
of which were fixed in above solution prepared to find out appropriate 
concentration of different chemicals as a preservative. Solution consists 
of Distilled water 100 ml. Formaldehyde 1 ml. Propionic acid 1 ml, and 
Glycerine 2 ml were found better preservative for the yellow coloured 
Dahlia flower. Other samples were not found satisfactory. The above 
expef«a€nts shows that the same concentration of the Formaldehyde and 
Propionic acid was works in both fixative and preservative solutions. It 
shows that the 1 ml Formaldehyde and 1 ml Propionic acid was sufficient 
for preservation of Sonchus arvensis and yellow Dahlia flower. In the 
final preservatives 2 ml Glycerine was also added to maintain the flexibility 
of specimens. Present experiments reveals that for the preservation of 
yellow coloured flowers oi Sonchus arvensis and Dahlia, no preliminary 
fixation of colour is required. Proposed single solution method for the 
preservation of yellow coloured specimens concides with the work of 
Adriano and Youzen (1933). Further preserved specimens sealed carefully 
in glass jars. It has found that the preserved specimens hold good colour 
more than 24 months. 
Bougainvillea, Cosmos sulphureus. Zinnia, Helianthus debilis 
(Beach Sun flower) and Gaillardia pulchella (Indian Blanket or Blanket 
Flower) were selected for the experiments on dry preservation of 
ornamental plants and flowers. Flowers were placed upside down for 
embedding in Silica gel. Pedicel of flowers reduced to two inches and 
buried in the desiccant material. Flowers of flat petals were selected for 
evaluation of shrinkage because they are easy to measure. Experiments 
were conducted to evaluate total shrinkage after drying and to find out 
optimum size of Silica gel to minimise shrinkage in petals particularly for 
th^ preservation of shape and texture. Six samples were prepared for the 
evaluation of shrinkage and they were dried in air by hanging upside 
doWn and treated with various grain size of Silica gel, such as 6-20 mesh, 
15-20, 100-200, and^3 0-400 mesh. Average width sizes of petals of each 
flower were qieasur-ed before and after drying. Experiments reveals that 
the natural drying and specimen hurried m.coarse .grains of Silica gel are 
not suitable to preserve shape and texture of flowers. The experiments 
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reveals that specimens which were dried in upside down hanging has 
maximum shrinkage, and when such shrinkage occure, it is impossible to 
preserve texture of the specimen. In case of natural drying flowers lose 
their natural shape and maximum shrinkage occur and completely deform 
the texture. Course grained Silica gel also not suitable for the preservation 
of natural shape and texture due to their coarseness and heaviness which 
also damage petals. Heavy grains causes weight over the specimens which 
results in the deformation of flowers and leaves while stems and other 
hard parts like spines does not shows considerable shrinkage. Moreover 
large grains of Silica gel does not come in contact with the entire surface 
of petals and leaves which leave large intergranular spaces in comparision 
with fine grains. These intergranular spaces also provide enough space to 
shrink. Sharp edges of the grains touches the surface of specimens which 
damage petals by pinching and makes small holes. It is recommended for 
the spongy or hollow stems that a non-corrosive metal wire may be inserted 
to the spongy stems before drying to reduce the shrinkage. But woody 
stems shows minor shrinkage after drying process. It is observed that the 
intensity and duration of temperature is important for the colour 
preservation in flowers. The weight of flowers also taken before and after 
drying process in order to evaluate the dryness of the specimens. Blanket 
flower were dehydrated at different temperature. Then the specimens were 
weighed periodically untill a constant weight achieved. The specimens 
were placed in a glass jar of appropriate size with 100 gm dehydrated 
self-indicating Silica gel for one hour to test the completion of 
dehydration. Weight of specimens taken five times after one hour interwell. 
The results shows that 76 percent water removed from specimens by this 
method. Samples which were dried at 140 °C, altered the colour of the 
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flower considerebly and due to crispy nature of petals, it was difficult to 
remove the flower from the desiccant. Photographs were taken before 
and after drying process for showing colour changes in dried flowers. 
Specimens which were dried at 140 °C for 2 hours shows minimum colour 
retention though they were dried quickly. Specimens which were dried at 
100 °C for 4 hours shows better results than earlier sample. The specimens 
dried at 37 °C for 72 hrs shows better colour retension than earlier sample. 
Results of the experiment matches with Pamela Westland, (1995) who 
reported that. In case of oven drying, over-processing makes the material 
unacceptably brittle. Flowers dried at temperature of 34 °C reveals 
brilliancy of colours while drying specimens at the temperature more than 
37 °C fade the colours considerably. Although specimens dried at 34 °C 
takes more time to dry completely but they retain colour more than those 
specimens dried at 37°C which takes less time. Use of sieve plate of 
appropriate size is helpful for the safe removal of dried specimens from 
the desiccant. Earlier workers used to tilting of vessels to remove the 
specimens from the deciccant which damage specimens and is not 
convinient for safe removal of the specimens from the desiccant. Dried 
specimens must be stored quikly in air tight jars to prevent absorption of 
moisture from the air. It must be stored in sealed glass or plastic containers 
with some amount of coarse grained self-indicating Silica gel to maintain 
the moisture level. Preserved specimens should be stored at optimum 
temperature and relative humidity preferabely at the range of 18- 20 °C 
and RH 50- 55% for long lasting effect. 
Advantages of proposed technique of wet preservation: 
1. This process takes less time to complete the whole process of 
12 
preservation. 
2. It ensure preservation of Chlorophyll contents in green specimens. 
3. The proposed method is economical and technique is simple to adopt 
for small museum and labs. 
4. The proposed methods will be helpful for museum curators to 
enhance the aesthetic look of their wet preserved collection. 
Advantages of proposed technique of dry preservation: 
1. It preserves natural appearance and texture of the specimens. 
2. The dry preservation technique shows maximum colour retension. 
3. Completely safe from burning of specimens, as mostly happen in 
the case of hot-sand method. Microwaves, and oven methods. 
4. Dry preserved specimens can be used as display purpose, decorative 
pieces, commercial purpose and for reference material in 
botanical museums and herbarium. 
Recommendations 
In the light of above facts the following recommendations are 
made for the benefit of further workers: 
1. Spectrophotometric analysis of Chlorophyll content must be 
performed at the time of collection of specimens and soon after 
the preservation process has completed for more deep analysis of 
the experiment. 
2. It is necessary to use of suitable apparatus for dry air circulation 
during drying process. It will replace the humid in and around the 
flower With dry air. This process will enhance the drying rate and 
impj-bve tl^ e quality of colours enuring preservation. 
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3. Drying of plants at a temperature less than 30 °C with circulated 
dry air in desiccant may be helpful for DNA preservation in the 
dried specimens. 
4. Use of suitable equipment for colour measurement (Spectroscopy) 
before and after drying process is completed to show more accurate 
findings. 
5. Injecting the synthetic colours prior to drying the specimens may 
give better colour retention and these type of specimens may be 
useful in floriculture industry. 
6. Transgenic plants with highly sophisticated flowers having durable 
colours and strong petals which are supposed to resistant to various 
environmental conditions may be produced to achieve better results 
for the preservation of botanical specimens and would be beneficial 
for floriculture industry. Lyco Red company's research team has 
developed new LRT (Lycopene rich tomato) varieties of tomato 
with twice as much lycopene as present conventionally 
(Ravishankar, G.A. and Vasudha Mudgil, 2004). 
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1.0 
Introduction 
The history of preservation of botanical specimens goes baclc to the 
very ancient time. The nature itself preserved a huge amount of plants 
particularly during Carboniferous period about 345 million years in the form 
of fossils. Ancient Egyptians preserved elaborate garlands and made detailed 
preparations using grains and herbs for their dead for metaphysical reasons 
for about 3000 years since 2600 BC. Medieval Monks harvested and dried 
flowers and herbs for medicinal purposes. Victorian ladies considered floral 
garlands to be an essential fashion accessory and they used to display dried 
flowers in glass domes. Collecting and pressing flowers was a favorite pastime 
in Victorian England - the Queen herself keeping a book of flower souvenirs, 
mainly in remembrance of her husband, Albert. He collected and pressed 
specimens from Cherbourg in 1857. Flower craft enjoyed most popularity in 
Victorian England. The interest in dried flowers comes in waves bringing all 
the old applications and techniques along with fresh inspirations and ideas. 
After the second world war, we entered a sad period where everyone looked, 
for the plastic flowers, which have neither natural beauty nor natural colours. 
Fortunately, this trend is now passing and people are more attracted to use 
dried flowers. In spite of using many chemicals for improvement of keeping 
quality and enhancement of vase life, the cut flowers lose its charm due to 
autolysis and microbial activities. Dried flowers, herbs, grasses and to a lesser 
extent seed head are used by florists to design the semi-permanent 
maintenance free, beautiful and decorative items and Pot-pourri mixes. (A 
mixture of dried flowers and leaves used for making room smell pleasant). 
Plant parts like Rose buds. Ferns, Pine cones, Lily pods. Marigold, etc. are 
the basic raw materials for the floral arrangements. Some time these materials 
are used after dyeing and colouring. 
The United Kingdom, Germany, Italy, Netherlands, and Spain are some 
of the big global market for dry flowers. A huge amount of these raw material; 
are exported from India. The main suppliers of dried floral materials of the 
world, in terms of volume, are India, South Africa, Thailand and China. The 
dried floral market is most profitable than the conventional items. The profit 
margin are enormous as compared to India almost ten times more than its 
domestic selling pric^especially in the West. Huge amount of fresh flowers is 
wasted due to lack of expertise, proper marketing chaimel, short vase life 
and some unavoidable circumstances during blooming season. Moreover all 
types of fresh flowers are not available throughout the year. They are available 
only during a particular season. In nature some flowers, leaves and other 
parts of plants could be dried in the heat of summer for some time when the 
temperature is high and relative humidity is low. Their beauty perhaps attracted 
and encouraged to the nature lovers to dry and make dried and preserved 
flowers, leaves, seeds etc. through conventional means. At the early stage 
flower and other parts of plants were dried simply by hanging them upside 
down. But for preserving the original colour and shape experimentation started 
in 1949 with all imaginable ways as per the evidence of literature. 
In this chapter the present author has discussed about the history of 
preservation of botanical specimens and significance of preserved specimens 
for museum, botanical labs and floriculture industry and so on . Preservation 
is defined as any process that rapidly prevent or inhibits decay or deterioration 
(Gordon Reid 1994). Generally there are three methods of preservation such 
as Dry, Cold and Wet preservation. These methods are used singly or in 
combinations. Dry preservation can often be achieved in air dry if the relative 
humidity is sufficiently low or with the assistance of hot air (Forman and 
Bridson, 1989). Pressing plants between moisture-absorbent sheets is a stock 
method that hasten drying (Thompson, 1926). Heat fixation in a microwave 
oven is a potentially useful technique, for succulent plants (Fuller and Barde 
1981, Stoddart, 1989). However, in view of problems with 'hot spots' of 
degraded tissue, this method should only be applied with caution. Conventional 
dry preservation, is inadequate to maintain the form, colour, texture and internal 
morphological integrity of many specimens, especially soft materials. (Reid, 
1994). 
Preservation of natural colour pigments in plant specimens is a well 
cherished dreams of many scientists and workers and they have been 
experimented various methods and also made various recommendations. It is 
quite significant task to preserve the colour pigments of botanical specimens 
which are supposed to be kept in museums, research collection and storage 
including herbarium collections. The present study reveals that there is still 
lot of scope to conduct research on various aspects of preservation techniques 
particularly in the field of colour preservation. 
Botanical specimens which comprises, flowers, leaves, buds, stems, 
etc., generally preserved in the fluid or pressed and dried as herbarium 
specimens, lose their original colours in due course of time. Usually in wet 
preservation different kinds of preservatives such as Alcohol, Formalin, Acetic 
acid, etc. are used. These are general chemicals, employed in wet preserved 
specimens. Plant tissues are preserved in liquid without much shrinkage there 
by keeping the specimen almost intact. But the colour of the specimens change 
within a short duration because these preservatives destroy the natural colour 
pigments. They may be degraded due to the various chemicals present in the 
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preservatives or through redox (reduction-oxidation) or photochemical 
reactions inunediately before or after preservation (Stansfield, 1994). Changes 
in colour are mainly due to the effect of preservatives on the structure of the 
pigments in cells. Preservation of such specimens without changing colour is 
a problem which encounter the museum personnel. For example in British 
Museum, London, some of the earliest remains of preserved flowers in the 
form of a garland taken from a Roman tomb in Hawara, Egypt, and estimated 
to be about 2000 years old. Although the colours of these flowers have long 
life but faded, their colour but its beauty is still intact, (McWilliam, M. Dorothy 
Shipman 1976). Little is known about long-term changes in the chemical 
composition of normally dried and stored plant materials. The main physical 
changes includes distortion of shape, loss of flexibility and brittlement, and 
these changes appear to be primarily caused by loss of moisture from the 
specimens rather than significant chemical changes (Bedford, David J., 1999). 
The cause of changing of the colours of botanical specimens is due to the 
pigments which are made up of organic compounds and when they come in 
contact with acids or alkalies they get oxidised and start losing and changing 
their natural colours. Even slight change in a pigment structure changes the 
entire shade of the colour of the specimen. For example the degradation of 
Chlorophyll starts from either the loss of the Magnesium from the centre of 
the molecule or the loss of the Phytol tail (Figurel. 1). The former pathway 
results in the formation of the molecule, Phaeophytin, in the later pathway, 
the resulting molecule is termed as a Chlorophyllide. Further degradation of 
either the Phaeophytin or the Chlorophyllide produces a molecule termed a 
Phaeophorbide. Phaeophytin is degraded by the loss of the Phytol tail and a 
Chlorophyllide loses its Magnesium ion. When a Chlorophyll molecule breaks 
down, a number of distinct Phaeophytins, Chlorophyllides, and 
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Phaeophorbides will be produced, depending on the parent molecule (Figure 
1.3). When the Magnesium-ion comes out from the Chlorophyll structure the 
green specimen turns brownish. Similarly other pigments like Xaathophyll lose 
their original colour due to the effect of difTerent chemicals on their structure. 
The preservatives in common use for the preserving plant material as 
laboratory specimens are Formalin, Alcohol, Acetic acid and so on. But 
unfortunately, when these preservatives used in the generally recognised 
concentrations for the preservation of leaves, flowers, and fruits they lose 
their natural colour. The accepted formalin solution, on the one hand, reduces 
fruits and leaves to a dingy brown colour, whilst on the other alcohol bleaches 
out most of the colour present (Machenzie,1928). Preserved materials does 
not retain the characteristic colouration of the living plant, in a very short 
period of time and the material changes to a dull uninteresting brown (Maltby, 
F.E. 1926). 
When specimens preserved in dry form, two dimensional preservation 
can be obtained by pressing and drying technique i.e. herbarium specimen of 
the plant parts which are devoid of woody parts, although, woody part may 
dry but at the same time foliage and flower may not pressed in good condition. 
Specimens with woody parts takes more time to dry completely. Pressed and 
dried flowers and plants look so unlike the living specimens because they lose 
their natural shape and colour pigments too. Specimens preserved in this way 
are difficult to identify taxonomically because they lose their colour and 
appearance. 
The Botanical specimens consists of different parts of plants like 
flowers, leaves, buds, stems, seeds, bark, root etc. comprises of different 
colours at different parts of a plant. The natural colours of flowers differ 
considerably, not only in different varieties of plants but also in individuals of 
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the same varieties, according to the state of maturity and other factors. The 
colour of any part of plant depends on the pigment present. The colour of a 
pigment depends on its selective absorption of certain wavelengths of light 
and its reflection of others. For example, Chlorophyll absorbs light in the 
violet - blue and orange - red portions of the light spectrum and reflects light 
in the green and yellow portions of the spectrum. Thus, Chlorophyll appears 
green. (Marshall etal, 2002). 
Chlorophyll 'a' (CjjH,j,OjNjMg) responsible for dark green colour 
(Figure 1.1) and Chlorophyll 'b' (C j^H j^O^N^Mg) for light green colouration 
in many plant leaves. Chlorophylls are not soluble in water and largely soluble 
in organic solvent. The second group is formed of pigments without nitrogen. 
Carotenoids are members of this group. The important plant pigments called 
flavonoid. Flavonoids are based on the fifteen carbon atom skeleton of flavone. 
There are several groups such as anthocyanidins, flavones, flavonols and 
flavonones (Steedman, 1976). Flavonoids are also important in flower colour, 
in particularly providing red and blue colour pigments. Anthocyanins are water 
soluble, terrestrial plant pigments. They contribute colours to flowers and 
other plant parts ranging from shades of red through crimson and blue to 
purple, including yellow and colourless. Water soluble pigments of the 
flavonoid group are very widely distributed in nature and the most significant 
function is their ability to impart colour to petals. Carotenoids and flavonoids 
constitute the major group of plant pigments. The carotenoids and flavonoids 
differ in their location within an epidermal cell. The flavonoids are dissolved 
in the cell sap and the Carotenoids, being insoluble in the cell sap, are 
restricted to spherical bodies known as plastids. As water soluble flavonoid 
pigments are present in cell sap, on dehydration the pigments are concentrated 
and appear dark. Therefore, colour of flavonoid pigmented flowers is slightly 
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changed after dehydration. The colour of yellow flowers does not change 
due to their presence at different locations. (Datta, 1997). 
The conditions for the colour preservation of plant are drying of 
specimens at low temperature or quick drying at optimum high temperature, 
in very low intensity of light. Carbon dioxide, and Ammonia. Because some 
flowers like Campanulas, quickly lose their natural tint, even during the drying 
process. It is generally recognised that the best means of preventing these 
changes is to dry the plants as quickly as possible. (Holmes, 1903). Air flow 
can play an important role in drying process. Moisture saturated air, around 
the flower and foliage, replaced by the dry air enhance the quality of colours. 
Most vegetable substances even after drying on a water bath or in the sun or 
by arti^cial heat, reabsorb about 12 per cent of moisture, and in the case of 
leaves, only by this means retain a certain amount of flexibility. If kept 
absolutely i.e. chemically, dry, they become brittle. (Holmes, 1903). It might 
be possible to preserve an object indefinitely by placing it in a hermetically 
sealed container filled with an inert gas with a fixed level of relative humidity 
and kept in the dark at a low temperature (Stolow, N. 1966). Silica gel 
specially pre-conditioned, can also normalise the relative humidity in a sealed 
case to a pre-determined value (Stolow, N. 1966). When freshly - dried 
specimens may retain their natural colour, and this condition may be prolonged 
by sealing them into polyethylene bags, or by using vacuum forming technique 
(Steedman, March 1976). If cellular material is allowed to dry at room 
temperature, a severe shrinkage results, the material becomes relatively 
insoluble, radical changes in the chemical makeup take place, and the cells 
are apparently irreversibly injured (Harris, 1954). When a biological specimen 
is dried from the non-frozen state, shrinkage and distortion result when the 
forces of surface tension compress the specimen as the total amount of water 
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is reduced. If the specimen is frozen prior to the onset of drying and the 
water is removed directly form the solid state, these surface tension effects 
are eliminated, and shrinkage does not takes place and it can be enable by 
freeze drying technique (Meryman, 1961). To stop the problem of 
photochemical reaction, the processing of preservation must be in dark or 
very low light, because molecules that do not absorb light of a particular 
frequency will not undergo a photochemical reaction. 
In the light of above facts it is very clear that the main causes of 
deterioration or fading of colour are due to temperature, light, humidity, 
autolysis in the cells, duration of process of preservation and preservative 
solutions and so on. It is recognised that the best means of preventing 
deterioration would be dry the plant material as quickly as possible and keeping 
the dried specimens in air tight containers at low temperature and light. 
Keeping in mind forgoing facts, experiments were planned and conducted to 
retain colour pigments of many selected plant specimens. The present 
investigation is a more detailed analysis of the effects of different grain size 
of Silica gel on shrinkage of petals and leaves, effects of temperature on 
preservation of colour pigments and optimum duration required for complete 
drying and so on. Different experiments were also conducted for the 
preservation of colour pigments in plant specimens by using liquid preservatives. 
In the chapter of Literature Review I have attempted to compile the 
literature of earlier workers. For this purpose personal communication with 
some workers who are engaged in preservation techniques explored for 
collecting relevant information. In Materials and Methods, I have described 
the procedure of experiments conducted to obtain best results. Experiments 
were conducted using different chemical combinations and methods including 
Wet preservation and Dry preservation techniques. The present author 
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conducted experiments which confined to a few selective flowers and leaves 
of common species available. Experiments conducted to know optimum grain 
size of desiccant material to dehydrate and preserve natural shape of flowers. 
Some experiments also conducted to know the optimum temperature to dry 
the specimens retaing natural colours. Observations are described in the 
Chapter Results and Discussion. Recommended procedure for preservation 
of colour, shape and texture, and precautionary measures to prevent 
deterioration of preserved specimens are discussed in Conclusions. 
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Figure 1.1 Structure oi Chlorophyll a 
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Figure 1.2 The chlorophyll a molecule, consisting of a porphyrin ring, a 
chelated magnesium molecule in the ring (purple), and a long hydrocarbon 
(phytol) "tail." (Model courtesy of Botany Online, University of Hamburg). 
Chlorophyll 
8 Chlorophyllide 
Loss of Mg 
I 
•> Phaeophytin 
1 
•> Phaeophorbide 
Figure 1.3 The degradation pathways of chlorophyll. 
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Literature Review 
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2.0 
Literature Review 
Different methods for preserving plant materials have been tried by 
various workers to retain their natural colour and form for a very long period. 
One of the earliest surviving botanical collections dates back to 1569 and is 
curated by the Naturkunde museum in Ottoneum, Kassel, Germany (Reid, 
Gordon 1994). In this field only a scandy in formation are available in the 
form of published research works. However the available information from 
various sources complied as follows. The information collected on this topic 
can be divided into different sub-topics. These sub-topics include Wet 
Preservation, Dry Preservation; Desiccant drying, Plastic infiltration. Plastic 
embedding, Glycerine drying. Air drying. Oven drying. Freeze drying. 
Microwave drying and so on. There are few notable scientists who have been 
worked seriously on the colour preservation. Others have been worked for 
different reason including some as hobbyist. 
2.1 Wet Preservation 
In 1838, Cleghom suggested presenting the plant specimen with colour 
in a saturated solution of common salt in water. The specimens preserve intact 
only few months by this method moreover the traces of salt get deposited as 
dirt on the inner sides of the container. Mr. C.E. Jones (July, 1917) have 
been preserved green foliage and plants by boiling in a solution of copper 
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Acetate and acetic acid. This method also described by Jones in the Museums 
Journal, 1917. Butler, O. (1918) suggested adding Citric acid to 1% solution 
of Sodium bisulphate in which the given specimen has been kept immersed, 
till a strong odour of Sulphur dioxide is given off. Further the specimen was 
transferred to a 4% Formalin. This method has been found satisfactory for 
the preservation of red-brown pigments in specimens. The result was however 
not satisfactory as far as the preservation of the green colour is concerned. 
Maltby, (1926) has been recommended a number of methods for preserving 
different tjrpes of plant parts with colour retention. For preserving green part 
of plant, he also suggested, to keep the specimen in a solution of Copper 
sulphate and bubbling in Sulphur dioxide gas. Further he suggested to boil 
the plant material for a few minutes in a dilute solution of Copper acetate or 
Copper sulphate in Glacial acetic acid. Both methods required costly 
equipments, and offer a limited rate of success. Suggestions from Mackenzie 
(1928) comprises a number of formulae consists of Sulphurous acid. Formalin, 
Glycerine, Copper sulphate, Paraffin oil, etc. for preserving different plant 
parts, with particular attention to fruits. Her formulae vary with the plant parts, 
and are not suitable for preserving whole plants. Mackenzie shows the results 
of practical experience gained whilst preserving a comprehensive collection 
of hard and soft fruits, in natural colours, convenient for examination or 
demonstration. Mackenzie emphasised the need for individual treatment of 
most fruits of hard and soft and of different colours. The preservation of green 
foliage is a relatively simple matter; the colour is fixed by means of Copper 
sulphate, Sulphurous acid being used as an antiseptic both during and after 
preparation. For old, dark-green foliage, a stronger Copper solution is used 
21 
than for young tender light-green leaves. Owing to the simplicity of this method 
of preservation of leaves, it has been found more satisfactory to treat them 
separately from the fruit up to the storage stage, though in many cases it 
would be possible to treat leaves together with fruits. It was found that the 
Paraffin - Formalin method was very satisfactory for apples, and consistently 
successful results have been obtained by its use. For Pears, Quinces, and 
soft fruits, however, the somewhat easier Sulphurous acid and Formalin have 
been used with good results, except in the case of highly coloured Pears, 
upon which so far there has been no opportunity of carrying out a series of 
experiments. Attempts to preserve ^ ples by this latter method have not met 
with success. The failure may be due to differences of texture and consequent 
differences in rate of penetration. The fruits of different colour were preserved 
as Red Apples or Yellow Apples with Red stripes or Flush by one gallon 
Paraffin oil, 1 oz. Formalin. Change in three weeks to 1 gallon water and 2 
oz. Sulphurous acid. For Green Apples with Red stripes or Flush, the same 
formulae as for the preceding may be used, with the difference, that Copper 
sulphate must be added to the stronger Sulphurous acid solution to restore 
the green colour which has disappeared in the Paraffin oil. Apples, Pears, 
Plums, Cherries, and small fruit, together with their foliage, have been 
successfully preserved by the use of various modifications of the Paraffin, the 
Sulphurous acid, the Formalin, and the Copper sulphate methods. Specimens 
thus preserved, when adequately mounted, have so far remained in satisfactory 
condition, without further attention, for three years. Adriano, F.T. and Yonzon, 
E. (July 1933) prepared solutions to preserve different colours of fruits and 
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vegetables. In case of green coloured specimen initially kept in fixing solution 
composed of Copper sulphate solution prepared by dissolving 500 grams 
per litre. After the Copper sulphate immersion, the material washed with clean 
water for several hours. Specimens then stored in storage solution consists 
of Distilled water to which Sulphur dioxide has been passed for about IS or 
more minutes and sealed the jar. For yellow coloured specimens like Mango, 
Banana, Carrot etc. stored in the following solution without preliminary 
fixation. Distilled water 2,785 cc. Formalin 3.5 grams (1/8 oz.). Sulphurous 
acid - 6% 15 cc. (1/2 oz.). Boric acid 28 grams (1 oz.). Copper sulphate to 
give a faint green colour. After the immersion vessels sealed carefully. 
Aforesaid formula also used for white coloured specimens like Onion, 
Cucumber, Radish, Mushroom etc. Specimens of red colour or multicoloured 
like red Tomatoes, Chico, Strawberry, Red pepper etc. preserved by placing 
them immersed completely in the solution of 6% Sulphurous acid solution, 1 
litre. Boric acid 2 - 4 grams, Formalin 5-20 cc. Another formula prepared 
by Cruess for this class of specimens is as follows : Distilled water 3,785 cc . 
Refined salt 56 grams (2 oz.). Formalin 7.5 cc. (1/4 oz.). Sulphurous acid 
6% 4 cc. (1/8 oz.), Potassium nitrate 7 grams (1/4 oz.). Glycerine 270 cc. (8 
oz.) They also recommended Cane sugar syrup (15 %) instead of Glycerine. 
Ail above formulae can only preserve specimens upto 8 to 12 months period. 
Scully (1937) developed some solutions that give satisfactory results for the 
colour of many flowers and fruits. In this method, place specimens in vials 
containing a 5 percent Copper sulphate solution for 24 hours to set the colour. 
Wash the specimens several times and put them into a second solution of 16 
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cubic centimetres of Sulphuric acid, 21 grams of Sodium sulphate, and 1000 
cc. of water. The material is maintained in the solution in corked vials. 
According to Scully, delicate pinks and blues or some of the deep reds and 
purple colour will fade, whereas many of the colours, especially the yellow 
range, will show very little alteration. Blaydes (1937) suggests storage of 
specimens in a 0.2% solution of Copper sulphate in the standard Formalin-
acete-alcohol. Johansen (1940) substitutes Propionic acid for acetic acid in 
the solution. The solution found unsatisfactory, since it discoloured by the 
Sulphate. Johansen (1940) also enumerates Conant's Hot Method, Conant's 
cold Pack Method and Keefe's Preserving Fluid, for preserving green plant 
parts with shape and colour. They require Acetic acid. Copper acetate. 
Formalin, Alcohol, etc. which increase the cost enormously. He has also 
suggested an easy and simple way of keeping the plant materials in a solution 
of Boric acid in Glycerine. However this solution the colour of the material 
lost after a few months. Chandrashekar, M.S. (1958) has suggested preserving 
the green plant specimen with colour. The procedure suggested, requires the 
employment of two solutions - solution A, saturated solution of Copper 
sulphate in 10% aqueous Formalin ; and solution B, 5% aqueous Formalin. 
He prepared a 10% of solution of formalin in water and finely powdered 
Copper sulphate dropped little by little at prolonged intervals into the Formalin 
solution till a large quantity of the sah accumulates after the saturaion point at 
room temperature. A freshly - collected whole plant of Scilla indica Beaker is 
kept immersed in the solution of Copper sulphate, mentioned above. The 
container is sealed and kept for seven days. Then the specimen is transferred 
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to a 5% formalin solution .In the final preservation fluid. Sometimes it turns 
slightly bluish green after few months. All that is necessary then, is to renew 
a fluid. After a couple of renewals, the solution remains colourless. They also 
preserved some other plants eg. Allium cepa Linn., Raphanus sativus Linn., 
Solanum tuberosum Linn., Pongamiapinnata Merr., Vitisvinifera Linn., 
Bulbophyllum sp., and Pedis popposa. No deterioration has been noticed 
both in regard to the colour of the non - Chlorophyll bearing tissues, and in 
regard to the original turgidity of the specimens. Knudsen, (1972) reveals 
that when preserving huge quantities of specimens in small containers, increase 
the percentage of Formalin. Use of Formal-acetic alcohol (FAA) for preserving 
specimens intended for slide-making and histological studies, in the ratio of 
93 parts of Formaldehyde to 3 parts of Glacial acetic acid. One of the 
drawbacks of liquid preservation is that some species become soft and many 
will lose their natural colouration, especially if they are exposed to light. 
Flowers, fruits, stems, leaves and other plant parts are preserved in a 4 percent 
Formalin solution and for large, fleshy specimens in 5 to 6 percent solution 
and specimens with waxy coats replace from 20 to 50 percent of the water 
with Alcohol. A general disadvantage with Formalin or Formal-alcohol 
preservation is that colour will be bleached or removed entirely. A solution 
made by adding 20 grams of Phenol e.p.; 20 grams Lactic acid, specific gravity 
1.25; 0.2 grams Cupric chloride; 0.2 grams Cupric acetate; and 20 Cubic 
centimetres of Distilled water can preserve green colour of plants like Fern 
prothallia. For retaining colours, Knudsen (1972) suggests that specimens to 
be placed in a 5 % solution of Copper sulphate for 24 hours. They should 
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then be washed several times in water and placed in a solution made up of 16 
ml Sulphuric acid; 21 Sodium sulphite; and 1 liter water. 
To preserve cut flowers for temporary exhibit, Hangay & Dingley 
(1985) prepared solution consists of 22 ml Salicylic acid; 20 ml 
Formaldehyde; 57 ml Ethyl alcohol; and 1137 ml Distilled water. 
For the preservation of green plants, Hangay & Dingley described the 
following methods. All the air removed from the intercellular spaces using a 
vacuum chamber or by immersing it in 90 - 95 % Alcohol. The plant can then 
be placed into 5 % Glycerine to which has been added enough Copper 
sulphate or Copper acetate to impart a bluish tint. The Copper combines 
with the Chlorophyll to produce Copper phyllocyanate (Hopkins, 1923) which 
is insoluble except in strong alcohol and is not affected by light. For red and 
green Apples in 40 ml Distilled water; 2 g Zinc chloride; 2 ml Formaldehyde; 
and 2 ml Glycerine were used. For yellow and red Apples in 750 ml white 
Paraffin oil mixed with 10 ml Formaldehyde can be used. Place the Apples in 
this solution and kept for two weeks in sealed container, and stored in the 
solution of Sulphur dioxide. Sharon Bale (2004) used Glycerin to preserve 
foliage by replacing the natural moisture present in the leaf with a substance 
that maintains the texture of leaf and some times the colour too. Different 
proportions of Glycerin and water also used. For thick textured foliage 1 part 
Glycerin to 2 parts water and for fine textured or thin foliage 1 part Glycerin to 3 
part water. In this method natural colour of foliage do not preserve. Foliage of 
different plant alter their colour as Beech leaves generally turn brown. Boxwood 
generally turns a golden colour, and Croton colour fade slightly. 
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2.2 Dry Preservation 
Holmes, E.M. (1903) adopted the plan of placing carefully dried leaves 
in bottles, placing at the top of the bottle a lump of Quicklime on a piece of 
brown paper, and then fastening down the stopper with Vaseline, leaving the 
specimen for a fortnight, and then removing the lime and refastening the 
stopper so as to exclude air. In this way the leaves retain their natural form 
without becoming broken and the colour remains just the same as when first 
dried. The specimens exhibited have been kept in full daylight for the last two 
years after being treated as above explained. If the 12 per cent of moisture 
had not been removed by the aid of lime they would already have become of 
a yellowish tint and have required renewal. Dunlop, G.A. (March, 1908) 
adopted a method of drying plants without pressure. He tried two media, 
with a certain amount of success, namely Silver sand and Boxwood sawdust. 
In the process, selected specimens were placed in Silver sand to dry. Fine 
backed Sand were used as coarse Sand injures the delicate organs of the 
plant and backing was done to destroy the bacteria and other lurking 
organisms. The plants placed in the box according to the manner of growth. 
The plant being arranged in its natural attitude and the sand should be put in 
gradually and in small quantities. After the plant has been fixed so that it will 
stand without the support of the hand, allow the sand to fall slowly on the 
point of the trowel, splashing thence on to the plant in a sort of fine spray. In 
this way the sand finds its way into all the crevices and falls round such delicate 
organs without injuring them. Then the box now be placed where a current of 
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air reaches it. He does not advice any artificial heat as it injures the colours 
of the flowers and gives the foliage a hard and brittle appearance. He adviced 
to kill the woody tissues dipping of specimens into boiling water before drying 
as they may remain fresh in the Sand for weeks. The specimens will probably 
be dry in ten days or so, but they receive no harm by being left longer in 
sand. After removing specimens from sand, they should then immediately be 
dusted with a small camel-hair brush. He has also used an another material 
namely Boxwood sawdust which proved better results than Sand. One very 
gratifying result is the preservation of the natural texture of the leaves, which 
is not attainable by the Sand method. He tried a number of experiments to 
counteract the problem of fading natural colour after drying by staining and 
painting, but not found good results. The nearest approach to success was 
obtained by applying aniline dye, but the leaves dried in unnatural shapes that 
were very unsightly. Mosley, S.L. (May, 1908) conducted some experiments 
for drying plants in Calais sand. About this time, or soon after, Mr. English 
of Epping, published a little booklet on the subject, and later on Mr. Gorge 
Purbin, of Wakefield, was very successful in drying autumn foliage of which 
he made decorative cases, mounting the plants on black velvet. Mosley found 
that a gentle heat in drying was an advantage, as if dried fairly quickly the 
plants kept their colour better, and to take away the brittleness. The drying 
boxes were put into a cellar for an hour before emptying the Sand, which was 
done by withdrawing a cork at the bottom of the box ; the sand ran out 
gradually. He has faced some difficulties that after drying the plants were 
affected by moisture, and would flag and droop by their own weight. This 
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problem was overcome by giving a thin coating of Shellac which prevented 
the moisture acting on them. The Lac used for this purpose should be white 
dissolved in Wood naphtha, and just sufficiently strong to leave no perceptible 
gloss more than would be seen on a plant when moist. Finely ground colouring 
matter has been added to this solution to brighten the colours. For this purpose 
author advised permanent colours. Prof J.W.H. Trail, F.R.S. (1908) preserved 
the green colour of plants with the principle is to produce permanent 
compounds of the colouring matter. Trail proposed the process of treatment 
in a solution of Copper acetate dissolved in strong Acetic acid with the 
objective to form permanent green compounds of Chlorophyll and Copper 
by boiling solution. This process of green colour preservation is not equally 
important for all green coloured plants. This process includes the dipping of 
specimen in the boiling solution for a time varying from half-a-minute to about 
five minutes and prolonged washing after treatment, generally for an hour or 
more to get better results. Drying after greening process may be by pressure 
in drying paper, when the pressure should be light, or in hot sand, the choice 
depending on the texture of the plant and the readiness with which it is greened 
; plants which require protracted boiling not infrequently become discoloured 
in sand-drying. Dr. Fothergill, (1915) has been tried with Sand-drying method 
and the results have sometimes been pleasing, but on the whole it has been 
found that colours obtained by drying in a cotton-wool press are more brilliant 
and are expected to be more stable. He given emphasis on quick drying at a 
fairly high temperature. Contrasting sand drying with drying in the cotton-
press, the writer finds that sand produces too much pressure, does not allow 
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the moisture to dissipate so readily, and leads to a very marked shrinkage in 
dimensions. Specimens dried in the herbarium press lose much of their form, 
but do not shrink so appreciably, appear more substantial, and are more 
brilliant in colour. Dr. Fothergill does not indicate a desirable or safe drying 
temperature. For sand-drying in a closed space or oven the writer is inclined 
to think that the temperature should not exceed SO °C., but a higher 
temperature seems safe with the cotton-wool press. Mathews (1920), Bishop 
(1932), and Rowley (1943) have recommended external application of coal-
tar and other dyes on dried plant specimens. This is suitable for preparing 
exhibits in natural history museums where the emphasis is laid more on the 
Zoological exhibits than on the botanical ones. But, owing to the shrinkage 
and distortion that the specimens suffer on drying and owing to the 
unsatisfactory nature of the coal-tar dyes in the tropics, and this method should 
be unacceptable to institutions where Botanical specimens are given important 
place. Baker, GE. (1949) preserved flowers in deep freeze. Collected flowers 
packaged in lined paper bags of the type sold for food processing and placed 
in a commercial deep freeze locker. This technique useful in laboratory only 
for few hours to few months. According to Davies, D.A.L.and V.S.G. Bangh 
(1956) specimens dried in vacua using a water pump or very rapidly, 
preferably at low temperature, with a high-vacuum pump. In some instances 
green specimens retained their colour, but in others where green colour 
survived the drying process, but this colour faded in a few weeks even in a 
sealed tube of nitrogen in the dark. Apart from this difficulty, specimens have 
been stored after freeze-drying without deterioration for more than a year in 
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a laboratory environment. Womersley, J.S. (1957) dried the plant material 
by the following methods : specimens were placed individually between sheets 
of newsprint and placed between a pair of latticed frames of dressed timber 
and then specimens were placed submerged in the solution of 4 % 
Formaldehyde. Specimens were left in the tank of Formalin for 18 to 24 
hours, then removed, and drained of free liquid. Specimens were dried 
artificially and they were little impaired by comparison with the specimen dried 
directly. The yellow green colour of the finally dried specimen of Aluminium 
accumulating plants, e.g. Symplocos were retained. Squires, Mabel (1958) 
dried the plant materials in dark, cool and dry places by hanging upside down 
with precautions like cutting flowers before they reach full maturity. Plants 
should not be covered, shut up in a closet or exposed to direct sunlight while 
drying. By this technique in 8 or 10 days the majority of plants were dried 
but weather conditions at the time of drying will govern the number of days 
required. Hanged plants provided with free circulation of air in drying rack. 
Harris, R.H. (1964) described the drying technique of Vacuum dehydration 
and Freeze drying for Animals, Fungi, Algae and some flowering plants.In 
this method specimens first frozen at -15 to >20 "C for a few hours; then 
placed in a vacuum chamber at the same temperature together with a quantity 
of desiccant for absorption of the vapour. In case of vacuum dehydration 
specimens frozen as before and placed in a glass desiccator over a quantity 
of desiccant. Vacuum is applied and drying proceeds at room temperature. 
Freimarck, M. M. (1970) employed the following procedure to preserve 
evergreens: A freshly cut, short-needled evergreen was dipped upside down 
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in a drum of Polyurethane Resin # RD 31S and agitated for 10 to 15 minutes. 
After being hung upside down, preferably outdoors, for 24 hours - it should 
have stopped dripping - the evergreen was brought indoors and suspended in 
the same position for three months. At that point, it was sprayed with Aerolite, 
a transparent green dye that given the needles a lifelike colour. After the tree 
dries for 24 hours, Krylon was applied to tone down the shiny surface, and 
the tree was left to dry again. Finally, if more shining is desired, it is sprayed 
with Krylon Crystal Clear. In this technique of preservation, natural green 
colour of the specimen is not preserved, at the same time, this technique takes 
too much time (more than 3 months) to complete the process. A paper by 
Bhartia et al. (1973) looked at combinational microwave and hot air drying 
of various substances, including Silica gel. This work shows that microwaves 
enhance the rate of drying when compared with hot air drying. Curves of the 
various drying combinations indicate that there may be an optimum 
arrangement i.e. continuous microwaves and hot air. According to Steedman, 
H.F. (1975, 1976 a, b) the borax-sand mixture may dry Rose, if kept at a 
temperature of 40 °C, in about 4 days. He preserved flowers and leaves after 
drying with the help of Silica gel (30-120 mesh) at 40 °C in the plastic 
materials. McWilliam, M., Dorothy Shipman (1976) have suggested that herbs 
and flowers dry quite quickly with an even, low warmth-not less than 21 °C 
or more than 38 °C. Emphasis is also given on good ventilation as the heat to 
carry away the humidity of the drying plants. They draw the effect of too 
much heat or too sunny or light in the results of browning the leaves or at 
least in the form of dissipate the aromatic properties of specimen. Dark place 
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with little of no dust, but warmth and plenty of air advocated. Davitt, Laurence 
M, Thomos Cochis (1978) of Anniston Museum of Natural History, in 
Anniston, Alabama, prepared Red-oat grass (Themeda triandd) for the use 
in Savanna diorama. They employed the following method: The mature plants 
of red-oat grass dug up and washed the roots, and placed the plants in plastic 
bags as a preservative. Plants were placed in plaster bases. The plaster had 
been poured around the clumped roots of the grass while the stems were held 
upright by wires strung in such a way that supporting squares were formed 
about one foot above a plywood board upon which the plants sat. In 1979 
NBRI Lucknow, India published a bulletin on 'Dehydration of Flowers & 
Foliage' by well known floriculturists and scientists M.A. Kher and J.C. 
Bhutani. According to Stansfield (1984), for drying botanical specimens, 
freeze-drying has a limited application. While it is excellent for many 
categories of Fungi, it is less suitable for flowering plants which lose much of 
their texture and form and become very fragile. Freeze-drying has been used 
successfully for Mosses, Lichens and Algae. Hangay & Dingley (198S) 
described the method of dry preservation of plants in their book Biological 
Museum Methods Vol. 2 by pressing and drying with the help of plant press. 
For quick drying plant press placing in drying cabinets for one to three days 
at 35 °C. Plants such as mistletoe and fig killed by freezing, placing them into 
boiling water for a few minutes, or by soaking them in 100 ml Glycerine, 100 
ml S0% Ethyle alcohol, S ml Formaldehyde, 5 ml Glacial acetic acid, and one 
lump of Copper sulphate for 10 days (or until normal colour prevails). He 
has suggested some solutions of different preservatives for preserving various 
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coloured flowers prior to embeding the flowers in polyster resin. Chase and 
Hills, (1991) has compared Silica gel with Drierite (CaSO^) as a su itable 
desiccant for drying leaf samples. The most significant finding of their work 
was the coarser sizes of silica gel are not as efficient at drying as the smaller 
sizes are. The study concluded that Silica gel is a better desiccant than CaSO^ 
as it has a greater capacity (31% of its weight) and is available in finer mesh 
sizes. Young, E. et al. (1992) have experimented with Glycerine, Alcohol and 
Acetone in a 2:1:1 ratio. Fabric dye added to this solution to match colour of 
the seaweed. All the chemicals and dye mixed thoroughly. After the seaweed 
was added to the solution, the containers were covered by either a glass 
plate or aluminium foil to minimize evaporation of the Acetone. They were 
then placed in a fume hood. After two weeks seaweeds removed from the 
solution and rinse briefly and set out to dry. S.K. Datta (1997) of National 
Botanical Research Institute, Lucknow, India has made further improvement 
in the dehydration technique, since the publication of the first bulletin (1979). 
S.K. Datta, Head of the Floriculture Section of NBRI described different 
drying methods for flowers and foliage. It include Room Drying, Sun Drying, 
Oven Drying, Vacuum Drying, Microwave Oven Drying using Silica gel. Sand 
to embed the specimens and so on. Vacuum Drying and Microwave oven 
drying methods are quite satisfactory than Air Drying, Room drying. Sun drying 
and Oven drying. In Microwave oven drying, specimens are covered by fine 
Silica gel in non-metallic earthen or glass containers and kept in the microwave 
oven for 1 - 4 minutes depending upon the type of specimen. The material 
after taking out from microwave oven is kept out side in dry atmosphere for 
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setting for 2 - 5 hours. Antirrhinum majus, Chrysanthemum, Dahlia, 
Helichrysum bracteatum, Helipterum roseum, Nymphaea spp, etc. dried 
with colour darker than original by this method. Fuller and Barbe (1981), 
Hall (1981), Sauleda and Adams (1981) refer to drying specimens in a 
microwave oven. However, as most microwave ovens are limited in size, and 
because of the limited penetration of microwaves, this technique is best used 
on small collections. Hills (1993) reported that the use of microwaves on 
specimens may cause damage to seeds. Philbrick (1984) suggested other 
possible damage at the morphological and macromolecular level, thus reducing 
the long-term value of the specimens for some uses. Bacci et al. (1985) 
reported that microwave drying is a very effective method, but they noted 
that it adversely affects the organells, which are preserved only if the specimen 
is dried at air temperature. Ronald C. Smith (April, 1992) Horticulturist and 
Turfgrass specialist of North Dakoda State University of Agriculture and 
Applied Science, described various methods of flower preservation by Air 
drying through hanging in warm, dry, dark place. Flowers take one to two 
weeks or more time for drying depending on the moisture content of the cut 
stem and relative humidity. Suggested flowers to dry include: Straw flowers, 
Goldenrod, Hydrangeas, Celosia (Crested and Plumed types), Queen Anne's 
lace, Statice, Baby's breath, Millet, Xeranthemum etc. Two parts of water to 
one part of Glycerine mixture also used to replace water content of some 
plants. By pressing and drying method in which relief is lost, flowers like 
Aster, Crysanthemum, Cosmos, Dahlia, English daisy. Geranium, Marigold, 
Pansy, Poppy, Rose, Zennia etc. required time from two to four weeks 
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depending on the flower size or tissue content. In the sand drying method 
very fine, clean, dry, and preferably salt free sand may be used for embedding 
flowers in their prime and process them quickly to prevent wilting 
recommended for better result. Homemade mixture of equal proportions of 
powdered Pumice and Yellow Corn meal or equal proportions of borax and 
Yellow Corn meal and Silica gel, for give better results from other drying 
agents also used to dry the specimens. Drying temperature and notes on colour 
condition does not mentioned by him. Flowers that dry well in either borax or 
Silica gel include: Rose, Aster, Carnation, Marigold, Dahlia, Larkspur, 
Geranium, Zinnia, Chrysanthemum and Delphinium. For Microwave drying 
since flowers vary in moisture content, texture and density, care should be 
taken to use the same sized flowers from one species at a time. In this method 
bright coloured flowers dry best. Flowers such as Lilies, Roses, Violets, 
Zinnias, and Dahlias work well with this process. Catherine white (2002) 
dehydrated flower by hanging upside down in a cool, dark place. Kathy Reid 
(2002) preserves flowers by freeze drying technique. Pretreatment and 
rehydration before freeze drying and post treated to retain their shape, colour 
and texture after freeze drying. Coating of transparent layer to protect from 
humidity also employed. Mature cuttings taken and crush the stem 2 inch 
above the cut end. Specimens inserted in hot Glycerin (130 - 140 °F) and 
allowed them to remain in the Glycerin for 3 weeks and then air drying 
employed. Dried specimens coated with Verathane in the following manner : 
Simple dip the specimen into Verathane, and let the excess drip off and dry. 
Dried specimen by this technique do not retain their natural colours. Sharon 
Bale (2004) preserved the flowers by drying with the help of Silica gel. 
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Flowers are covered completely, making 1/2 inch layer of desiccant at the 
base. Flower placed faced down and face up according to petals. After drying, 
flower removed from the desiccant and finished by air drying. They also 
sprayed by ordinary hair spray, aerosol lacquer or sprays, protecting from 
direct sunlight and high humidity. They also described the method of air-drying 
of plant material at dry area, low light, and good air circulation show good 
result. Silica gel, Borax, Sand, Sawdust, Perlite, Cornstarch or a combination 
of these also used for drying flowers. Non-iodized salt with a mixture of 2 
parts Borax, 1 part fine sand also used. 
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3.0 
Materials and Methods 
The preservation of colour pigments of the Botanical specimens is quite 
relevant as many workers shows interest to work in this field. The present 
study has been designed on the basis of the suggestions of the earlier workers 
with necessary modifications. The following materials and methods were used 
in the present study. Experiments were conducted on wet and dry preservation 
methods for the preservation of botanical specimens. Experiments for wet 
preservation were divided into two phases. In the first phase experiments on 
fixing of colour pigments were conducted. In the second phase experiments 
for selection of suitable preservatives were conducted. For the dry 
preservation, flowers were placed in difTerent grain size of silica gel at different 
temperature and for varied duration. Plant specimens were collected from 
gardens of Aligarh Muslim University, Aligarh. Plants with healthy foliage and 
flowers were selected for experiments. Plant specimens on which experiments 
were conducted includes : Helianthus debilis (Beach Sun flower) , Dahlia, 
Gaillardia pulchella (Indian Blanket or Blanket Flower), Coccinia 
cordifolia, Iberis amara, Justicia, Acalypha indica. Asparagus racemosus, 
Lantana indica, Bougainvillea spectabilis, Sonchus arvensis, Thevetia 
peruviana, Bauhinia sps. 
3.1 Materials 
Following materials were used in research are detailed as follows with 
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particulars listed in Appendices. 
3.1.1 Materials Used in Wet Preservation 
3.1.1.1 Plant Samples 
Following plants samples were collected for the experiments: Dahlia, 
Justicia, Coccinia cordifolia, Iberis amara, Acalypha indica. Asparagus 
racemosus, Lantana indica, Bougainvillea spectabilis, Sonchus arvensis, 
Thevetia peruviana, Bauhinia sps, Callistemon citrinus (Appendix C). 
3.1.1.2 Equipments 
Several equipments including Distilled water plant. Centrifuge, 
Spectrophotometer, Digital camera, etc. were used during the experiments. 
Some of them are listed here and others with specifications are listed in 
Appendix A. 
3.1 A.2.1 Spectrophotometer 
For the estimation of chlorophyll content in the preserved specimens 
and in the fresh samples the spectrophotometer was used for this purpose 
which is available in the Department of Botany, Faculty of Life Sciences, 
Aligarh Muslim University, Aligarh. 
3.1.1.2.2 Electronic Balance 
Weighing of the chemicals and plant samples were conducted by the 
electronic balance for the estimation of chlorophyll content, this balance is 
available in the research laboratory of the Department of Muscology, A.M.U., 
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Aligarh. 
3.1.1.3 Chemicals 
Following chemicals were used for the preservation of plant specimens: 
Acetone, Formaldehyde, Copper sulphate. Propionic acid. Citric acid. Picric 
acid, and Glycerin. Specifications of these chemicals are listed in Appendix 
B. 
3.1.1.4 Glassware and Other Materials 
All other materials and glassware with specifications are listed in 
Appendix H. 
3.1.2 Materials Used in Dry Preservation 
3.1.2.1 Plant Samples 
For the dry preservation, flowers of the following plants were collected 
: Helianthus debilis (Beach Sun flower). Dahlia, Cosmos sulphureus. Rose, 
Bougainvillea and Gaillardia pulchella (Indian Blanket or Blanket Flower). 
3.1.2.2 Equipments 
3.1.2.2.1 Vacuum thermostat 
For the drying of plant specimens and regeneration of silica gel Vaccum 
thermostat is required which is available in the Department of Museology, 
AMU. Specifications of this thermostat are listed in the Appendix A. 
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3.1.2.2.2 B.O.D. 
For the experiments on drying and storage of specimens at different 
temperature ranges for the above purposes, this temperature controlling 
equipment was used, which is available in the research laboratory of the 
Department of Muscology, AMU. Specifications of this device are listed in 
the Appendix A. 
3.1.2.2.3 Electronic Balance 
Loss in weight of samples after the drying process is completed were 
taken with the help of electronic balance which is available in the Department of 
Muscology, AMU. Specifications of this balance are listed in the Appendix A. 
3.1.2.2.4 Digital thermometer 
The temperature of the oven was measured with external sensing probe 
digital thermometer. Specifications of the thermometer are listed in the 
Appendix A. 
3.1.2.2.5 Lux Meter 
For the evaluation of colour changes in the preserved samples of 
flowers, photographs were taken in the same light intensity of CFL. For this 
purpose Lux Meter was used. Specifications of lux meter are listed in the 
Appendix A. 
3.1.2.3 Chemicals 
Chemicals used only for the drying of flower samples. For this purpose 
different grain size of Silica gel were used. Any other chemical was not used 
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for drying purpose. Specifications of the silica gel are listed in the Appendix B. 
3.1.2.4 Glassware and Other Materials 
For the drying process of flowers and for the storage of dried samples 
glassware of different size were used. Specifications of glassware and other 
materials are listed in Appendix H. 
3.1.2.5 Error And Accuracy of Measurements 
Weight of flowers were taken by using electronic balance. DC current 9V 
(1. 5X6 AAZinc chloride batteries of NIPPO Hyper manufactured by Indo National 
Limited, Chennai, India) used in the electronic balance. Whenever electronic 
balance used for taking weight, balance did not shown low battery. Accuracy of 
probe digital thermometer not indicated by manufacturing company. 
3.2 Experimental Procedure 
3.2.1 Wet Preservation 
All the plant specimens collected between 9:00 am to 11:00 am. An 
idea behind collecting specimens at this time was that, cell have sufficient 
water contents so that they are not in wilting condition and not need to 
rehydrate to restore wilting of specimens. Stems were cut one cm with sharp 
razor and immediately placed into distilled water immersing atleast two inch 
in distilled water, because it is possible that specimens may take air from the 
atmosphere which may prevent absorption of water and other chemicals, 
resulting in wilting of flower petals and leaves. Collected specimens taken to 
the preservation lab. Specimens again cut down inside the fixative solution 
by sharp razors, so that water-conducting tube (xylem) in the stem may take 
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sufficient solution upto the last leaf. Plant specimens placed into fixative or 
directly into preservative as per the experiment. 
Experiments were started with the evaluation of optimum quantity of 
Copper sulphate with 1 ml Formaldehyde in 100 ml distilled water. To make 
a solution of Copper sulphate, 100 ml distilled water taken in a glass jar 1 ml 
Formaldehyde added and then finely hand grinded crystal of copper sulphate 
poured slowly into distilled water-formaldehyde solution and stir well with 
glass rod. Distilled water were prepared in the research laboratory of 
department of museology, A.M.U. Aligarh. Copper sulphate. Propionic acid. 
Formaldehyde, Citric acid, and other chemicals were obtained from CDH, 
Glaxo. Accurate quantity of Copper sulphate and other dry chemicals were 
weighed with electronic balance (Appendix A). All the specimens were 
photographed by digital camera model Nikon Coolpix 2500 (Appendix A). 
Specimen jars were used for the keeping of specimens in solutions. Six 
specimens of each plant (Coccinia cordifolia, Bauhinia sps, Bougainvillea 
spectabilis, Acalypha indica. Asparagus racemosus, Justicia, Iberis 
amard) were taken and washed with distilled water. Specimens placed on a 
glass plate (size according to the specimen) and tighted with cotton thread 
and placed into fixative. Specimens placed at 18 °C ±2 in dark for 48 hours. 
In this experiment 32 gm of Copper sulphate has given good green colour in 
Asparagus racemosus. In experiment 2, quantity of Formaldehyde evaluated 
as 32 gm Copper sulphate for Asparagus racemosus. Seven specimens were 
taken and placed into air-tight fixative jars at 18 °C ±2 in dark for 48 hours. 
Experiment 3 conducted to find out the optimum quantity of Picric acid with 
32 gm Copper sulphate and 1ml Formaldehyde in 100 ml distilled water. 
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Experiment 4 conducted to find out the optimum quantity of Propionic acid 
with 32 gm Copper sulphate and 1 ml Formaldehyde in 100 ml distilled water. 
Plant samples of Iberis amara, Coccinia cordifolia, Acalypha indica, 
Lantana indica, Bougainvillea spectabilis, Thevetia peruviana, Bauhinia 
sps, Callistemon citrinus which were not fixed properly in experiment 1, 
fresh specimens of these plants placed into solutions of formaldehyde and 
copper sulphate. In experiment 5, samples in copper sulphate and 
formaldehyde solution placed for the fixing of Chlorophyll of these plants 
specimens. Five specimens of each plant were taken and placed into separate 
jars. Jars were sealed and stored at 18 °C ±2 in dark for 48 hours. 
Effectiveness of Propionic acid as a green colour fixative evaluated in 
experiment 6 with 2 ml Formaldehyde and 1 gm Copper sulphate. Specimens 
which were well fixed, kept in different preservative solutions to evaluate the 
optimum quantity of different chemicals. Experiment 7,8, and 9 were 
conducted for this purpose. Experiment 10,11,12, 13. Experiment 14 were 
conducted for the preservation of yellow coloured flowers. 
Spectrophotometric measurement for chlorophyll analysis were also conducted 
in fresh specimens and preserved specimens. 
3.2.2 Dry Preservation 
For the preservation of Ornamental plants and flowers in dry form, 
Bougainvillea spectabilis. Cosmos sulphureus. Zinnia, Sunflower, 
Helianthus debilis (Beach Sun flower) and Gaillardia pulchella (Indian 
Blanket or Blanket Flower) were selected for the experiments. For the 
preservation of these flowers and ornamental plants, experiments were 
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conducted to know the optimum grain size of Silica gel to dehydrate and to 
preserve shape and texture of flowers and other parts of specimens. 
Experiments were conducted to know the optimum temperature for drying 
and preserving colours of the specimens. For these purposes flowers were 
dried at different temperature ranges for the colour and evatuation of dryness 
. Experiments were conducted to minimize the shrinkage of flowers to preserve 
texture of entire specimen. Experiments were conducted to know the total 
time duration required to dry the specimen. 
Flowers with long pedicel were collected between 9 a.m. to 11 a.m. 
and placed into tap water just after the cutting of the specimens. Flowers 
harvested just before they reach their peak period. Flowers that have passed 
their prime period do not dry or hold their colours well (Sharon Bale, 2004) 
and split petals during drying process. 
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4.0 
Wet Preservation 
4.1 Preservation of Green coloured Specimens 
All the plant specimens have been collected between 9:00 a.m. to 11:00 
a.m. for the preservation of green colour. One centimeter long twigs were cut 
with the help of sharp razor and then immediately dipped the cut end into 
distilled water so that it may prevent the trapping of air bubbles inside the stem 
c^pilaries which are usually obstcle the absorption of water and minerals, causes 
the wilting of leaves and flowers. Further one inch more removed from the bottom 
of the stem while it remain dipped in water so that any air bubble trapped in the 
cappiiaries may be removed. Later on the collected specimens taken to the 
preservation lab for the further treatment. 
4.1.1 Experiments for Fixative solution 
Experiment No.l Effect of Copper Sulphate and formaldehyde on 
green colour leaf of Coccinia cordifolia, Bauhinia sps, Bougainvillea 
spectabilis, Acalypha indica, Asparagus racemosus, Justicia, Iberis 
amara. 
Six solutions composed of different quantities of Copper sulphate and 
1 ml Formaldehyde in each solution in Distilled water were prepared. Then 
the green coloured plant specimens were treated with each solution and the 
effect of the mixture of Copper sulphate and Formaldehyde on green coloured 
plant specimens were evaluated. Fresh specimens of Callistemon citrinus, 
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Justicia, Coccinia cordifolia, Iberis amara, Acalypha indica, Asparagus 
racemosus, Lantana indica, Bougainvillea spectabilis, Thevetia 
peruviana, Bauhinia sps. were placed in separate jars of above solutions. 
Jars were sealed and stored in dark for 48 hours at 18 °C ±2. The 
experimental result shows that the retention of colour pigment is in increasing 
order from solution 1 - 6 as proportion of the CuSo^ increases in the solution 
and it is found that the maximum colour retention is in 32 gm Copper sulphate 
on leaves oiAsparagus racemosus. 
Table 4.1. Effect of Copper sulphate and formaldehyde 
on green coloured specimens. 
Solution No. 
1 
2 
3 
4 
5 
6 
Distilled water 
100 ml 
100 ml 
100 ml 
100 ml 
100 ml 
100 ml 
Formaldehyde 
Iml 
1ml 
1 ml 
1ml 
1ml 
Iml 
Copper sulphate 
Igm 
2gm 
4gm 
8gm 
16 gm 
32 gm 
Experiment No. 2 Effect of formaldehyde and copper sulphate on 
leaves of Asparagus racemosus . 
In experiment 2, quantity of formaldehyde evaluated with 32 gm 
Copper sulphate for Asparagus racemosus. Seven specimens were taken 
and placed into air-tight fixative jars at 18 °C ±2 in dark for 48 hours. Seven 
solutions of Formaldehyde with Copper sulphate in Distilled water in the 
following proportions were prepared. Fresh twigs of Asparagus racemosus 
__ 
were immersed in each solution. Jars were sealed and placed in dark for 48 
hours at 18 °C ±2 (Table 4.2). In this experiment optimum quantity of 
Formaldehyde evaluated with 32 gm Copper sulphate. Out of the seven 
solutions, solution 1 shows good results without effecting green colour. Other 
solutions were not satisfactory because, when these specimens kept in 
preservatives, green colour disappear within short period of time. In this 
experiment 1 ml Formaldehyde found optimum quantity with 32 gm Copper 
sulphate for satisfactory result. 
Table 4.2. Effect of Formaldehyde and Copper sulphate 
on green coloured specimens. 
Solution No. 
1 
2 
3 
4 
5 
6 
7 
Distilled water 
100 ml 
100 ml 
100 ml 
100 ml 
100 ml 
100 ml 
100 ml 
Copper Sulphate 
32 gm 
32 gm 
32 gm 
32 gm 
32 gm 
32 gm 
32 gm 
Formaldehyde 
1 ml 
2 ml 
4 ml 
8 ml 
16 ml 
32 ml 
64 ml 
Eiperimgnt No. 3 Effect of Picric Acid, Copper sulphate and 
Formaldehyde on green coloured specimens. 
Experiment 3 conducted to fmd out the optimum quantity of Picric 
acid with 32 gm Copper sulphate and 1 ml Formaldehyde in 100 ml Distilled 
water. Five solutions comprising Copper sulphate and Formaldehyde in the 
. . . _^ 
following proportions were prepared. Specimens placed in jars of above 
solution. Jars were sealed and stored in dark for 48 hours at 18 °C ±2 (Table 
4.3). Solution 1 of experiment 3 which contains Formaldehyde 1 ml. Copper 
sulphate 32 gm and Picric acid 1 ml in 100 ml Distilled water shows good 
green colour. Other solutions of experiment 3 were not satisfactory. 
Table 4.3 Effect of Picric acid, Formaldehyde and 
Copper sulphate on green coloured specimens. 
Sample 
No. 
1 
2 
3 
4 
5 
Distilled water 
100 ml 
100 ml 
100 ml 
100 ml 
100 ml 
Formaldehyde 
1ml 
1 ml 
1 ml 
1 ml 
1 ml 
Copper 
Sulphate 
32 gm 
32 gm 
32 gm 
32 gm 
32 gm 
Picric 
Acid 
1ml 
2 ml 
4 ml 
8 ml 
16 ml 
ExDcriiBCBt No. 4 Effect of Propionic acid. Formaldehyde and Copper 
sulpiiate on green colour of leaves of Iberis amara, Coccinia cordifolia, 
Acalypha indica, Lantana indica, Bougainvillea spectabilis, Thevetia 
peruviana, Baukinia sps, Callistemon citrinus. 
Experiment no.4 conducted to find out the optimum quantity of 
Propionic acid required for 32 gm Copper sulphate and 1 ml Formaldehyde in 
100 ml Distilled water as fixative. Plant samples oiIberis amara, Coccinia 
cordifolia, Acalypha indica, Lantana indica, Bougainvillea spectabilis, 
Thevetia peruviana, Bauhinia sps, Callistemon citrinus which were not 
__ 
fixed properly in experiment no. 1, when fresh specimens of these plants placed 
into solutions of formaldehyde and copper sulphate. Five solutions were 
prepared consists of Formaldehyde, Copper sulphate and Propionic acid in 
distilled water. Fresh specimens washed with distilled water and kept in the 
above solution. Jars were sealed and stored in dark for 48 hours at 18 °C ±2 
(Table 4.4). The results of the experiment reveals that none of the solutions of 
experiment no. 4 found satisfactory because green colour faded in all 
specimens of this experiment. Although solution no. 1 of experiment no. 4 
shows only a little quantity of green colour retained. Therefore none of the 
solution of experiment no. 4 selected for fmal preservative experiments. 
Table 4.4 Effect of Propionic acid. Formaldehyde and 
Copper sulphate on green coloured specimens. 
Sample 
No. 
1 
2 
3 
4 
5 
... 
Distilled 
water 
100 ml 
100 ml 
100 ml 
100 ml 
100 ml 
Formaldehyde 
1ml 
1ml 
1ml 
1ml 
1ml 
Copper 
Sulphate 
32 gm 
32 gm 
32 gm 
32 gm 
32 gm 
Propionic 
Acid 
1 ml 
2 ml 
4 ml 
8 ml 
16 ml 
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Experiment No. 5 Effect of Copper sulphate and Formaldehyde on 
green colour of Iberis amara,Coccima cordifoUa, Acalypha indica, 
Lantana indica, Bougainvillea spectabilis, Thevetia peruviana, 
Baukinia sps, and Callistemon citrinus. 
In experiment no.5, specimens placed in the solution of Copper 
sulphate and Formaldehyde for the fixing of Chlorophyll of these plants 
specimens. Five specimens of each plant were taken and kept in separate 
jars. Jars were sealed and stored at 18 °C ±2 in dark for 48 hours. Five 
solutions comprising distilled water 100 ml, Copper sulphate 1 gm in each 
solution and Formaldehyde from 1 ml to 16 ml in increasing quantity were 
prepared. (Table 4.5 ). 
Fresh samples of Iberis amara,Coccima cordifoUa, Acalypha indica, 
Lantana indica, Bougainvillea spectabilis, Thevetia peruviana, 
Callistemon citrinus andSauhinia sps, collected and washed in distilled water 
and kept in these solutions. Jars were sealed air-tight and stored for 48 hours 
in dark at 18 °C ±2 . Solution no. 2 of experiment no.S which contain Distilled 
water 100 ml, Formaldehyde 2 ml, and Copper sulphate 1 gm shows good 
retention of green colour in Iberis amara plant, but in all other plants but in all 
other plants the result was not satisfactory in any of the solutions. 
Table 4.S Effect of Formaldehyde and Copper sulphate 
on green coloured specimens. 
Sample 
1 
2 
3 
4 
5 
No. Distilled water 
100 ml 
100 ml 
100 ml 
100 ml 
100 ml 
Copper Sulphate 
1 gm 
1 gm 
1 gm 
Igm 
1 gm 
Formaldehyde 
1 ml 
2 ml 
4 ml 
8 ml 
16 ml 
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Eiperiment No.6 Effect of Propionic acid. Formaldehyde and Copper 
sulphate on green colour of Iberis amara, Coccinia cordifolia, Acalypha 
indica, Lantana indica, Bougainvillea spectabilis, Thevetia peruviana, 
SoHchus arvensis, Justicia and Bauhinia sps. 
Effectiveness of propionic acid as a green colour fixative evaluated in 
experiment no. 6. Solutions consist of 2 ml Formaldehyde and 1 gm Copper 
sulphate in 100 ml Distilled water were prepared. Five solutions were prepared 
comprising with Distilled water 100 ml. Formaldehyde 2 ml. Copper sulphate 
1 gm, and Propionic acid from 1 ml to 16 ml (Table 4.6). Plants were washed 
with Distilled water and placed in air-tight jars for 48 hours in dark at 18 °C ±2. 
Experiment reveals that the solution no. 1 which include Distilled water 100 ml, 
Formaldehyde 2 ml, Copper sulphate 1 gm, and Propionic acid 1 ml given better 
results for the preservation of Iberis amara. But in case of Coccinia cordifolia, 
Acalypha indica, Lantana indica, Bougainvillea spectabilis, Thevetia 
peruviana, and Bauhinia sps were also found satisfactory. However green 
colour of Sonchus arvensis, and Justicia was not fixed in the above solutions. 
Table 4.6 Effect of Propionic acid. Formaldehyde and 
Copper sulphate on green coloured specimens.. 
Solution 
No. 
I 
2 
3 
4 
5 
Distilled 
water 
100 ml 
100 ml 
100 ml 
100 ml 
100 ml 
Formaldehyde 
2 ml 
2 ml 
2 ml 
2 mi 
2 ml 
Copper 
Sulphate 
1 gm 
1 gm 
1 gm 
Igm 
1 gm 
Propionic 
Acid 
1 ml 
2 ml 
4 ml 
8 ml 
16 ml 
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5.1.2 Comparative study on the effectivteiies^)^^ 
different Preservatives 
Specimens those shows satisfactory results in the earlier experiments 
of different fixatives, selected for experiments with different preservatives of 
various concentration. Specimens of Asparagus racemosus treated with 
Solution no. 1, (Experiment no.2), and Coccinia cordifolia, Acalypha indica, 
Bauhinia sps, Iberis amara, Lantana indica, Bougainvillia spectabilis, 
and Thevetiaperuviana treated in Solution no.l, (Experiment no.6) showed 
better colour retention. Hence it was selected for further experiments on 
effectiveness of preservatives on plant specimens. Samples which were best 
fixed taken out from the fixative solution and washed three times with distiUed 
water and placed in preservative solutions. Fifteen specimens of each plant 
were prepared for each experiment no. 7, 8, and 9. Jars were sealed and 
stored at 18 °C ±2 in dark for further evaluation of colour retention. 
Experiment no.7 Effect of Citric acid and Formaldehyde on a fixed 
green coloured specimens o( Asparagus racemosus^ Coccinia cordifolia, 
Acalypha indica, Bauhinia sps, Iberis amara, Lantana indica, 
Bougainvillea spectabilis, and Thevetia peruviana. 
This experiment was conducted to evaluate the effectiveness of 
Formaldehyde and Citric acid on green colour of the leaves. There were five 
specimens experimented with each solution. Jars were sealed and stored in 
dark at 18 °C ± 2. After two weeks of stored plants were taken out for 
evaluation [(Table 4.7). The effectiveness of Citric acid and Formaldehyde 
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evaluated. (See Results and Dicsussion)]. 
Table 4.7 Effect of Citric acid and Formaldehyde 
on fixed green coloured specimens. 
Sample 
1 
2 
3 
4 
5 
No. Distilled water 
100 ml 
100 ml 
100 ml 
100 ml 
100 ml 
Formaldehyde 
1ml 
1ml 
1ml 
1 ml 
1ml 
Citric acid 
1ml 
2 ml 
4 ml 
Sml 
16 ml 
ExDcrimcBt No. 8 Effect of Propionic acid and 1 mi Formaldehyde on 
flxed green coloured specimens of Asparagus racemosus, Coccinia 
cordifolia, Acalypha indica, Iberis amara, Lantana indica, 
Bougainvillea spectabilisy Thevetia peruviana and Bauhinia sps, . 
This experiment was conducted to evaluate the effectiveness of 
Formaldehyde and Propionic acid on green colour of the leaves. Jars were 
sealed and stored in dark at 18 °C ±2. There were five specimens for each 
solution. After two weeks of dark storage plants were taken out for evaluation 
[(Table 4.8). The effectiveness of Formaldehyde and Propionic acid evaluated. 
(See results and Discussion).] 
Table 5.8. Effect of Propionic acid and Formaldehyde 
on fixed green coloured specimens. 
Sample 
1 
2 
3 
4 
5 
No. Distilled water 
100 ml 
100 ml 
100 ml 
100 ml 
100 ml 
Formaldehyde 
1ml 
1ml 
1ml 
1 ml 
1ml 
Propionic acid 
1ml 
2 ml 
4 ml 
8 ml 
16 ml 
ExDcrimeat No. 9 Effect of Citric acid, Propionic acid and 
Formaldehyde on green colour of Asparagus racemosus , Coccinia 
cordifolia, Acalypha indica, Baukinia sps, Iberis amara, Lantana 
indica, Bougainvillea spectabilisy and Thevetia peruviana. 
This experiment was conducted to evaluate the combined effect of 
Citric acid and Propionic acid. Specimens were kept in the solution jars for 
two week (Table 4.9). Jars were sealed and stored in dark at 18 °C ±2. 
There were five samples selected for this experiment. After two weeks of 
storage in dark, jars were taken out for evaluation. The effectiveness of Citric 
acid. Formaldehyde and Propionic acid evaluated. (See results and Discussion).] 
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Table 4.9 Effect of Citric acid. Formaldehyde 
and Propionic acid on fixed green coloured specimens. 
Sample 
No. 
1 
2 
3 
4 
5 
Distilled 
water 
100 ml 
100 ml 
100 ml 
100 ml 
100 ml 
Formaldehyde 
1 ml 
1ml 
1ml 
1ml 
1ml 
Propionic 
Acid 
1ml 
1 ml 
1 ml 
1 ml 
1 ml 
Citric 
Acid 
Igm 
2gm 
4gm 
8gm 
16 gm 
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4.1.3 Experiment for Chlorophyll Contents 
Experiment No. 14 Estimation of Chlorophyll content of fresh and 
preserved specimens of Bougainvillea spectabilis 
by Spectrophotometer. 
Methods adopted for the estimation of Chlorophyll content, was 
worked out by Mackinney in 1941. Fine paste of 0. Ig of fresh and preserved 
samples was prepared separately with the help of pestle and mortar in 80% 
Acetone. The mixture was centrifuged at 5000 rpm for 5 minutes. The 
supernatant was collected in 50 mP volumetric flask. The residue was washed 
three times using 80% Acetone. Each washing was collected in the same 
volumetric flask and volume was made upto the mark using 80% Acetone. 
Prepared samples were read at 645 and 663 nm on Spectrophotometer and 
content of Chlorophyll calculated by equations (Appendix I). 
Table 4.10 Absorbance at 645 nm and 663 nm in Bougainvillea spectabilis. 
Volume Mass Absorbance Absorbance 
(Acetone) (Sample) at 645 nm at 663 nm 
Preserved sample 50 ml 0.1 gm 0.112 0.105 
Freshsample 50 ml 0.1 gm 0.212 0.198 
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Chlorophyll a and b in 
Bougainvillea spectabilis kg-1 tissue 
F 
0.97 
1.97 
resh sampi e Pre 
0.52 
1.03 
served san 
BChlorophyll a 
DChlorophyllb 
pie 
Figure 4.1 Contents of Chlorophyll a and b in Fresh and Preserved Sample 
of Bougainvillea spectabilis kgl tissue. 
Table 4.11 Contents of chlorophyll a and b in 
Bougainvillea spectabilis kg 1 tissue. 
Preserved sample 
Fresh sample 
Chlorophyll a 
0.52 
0.97 
Chlorophyll b 
1.03 
1.97 
60 
Figure 4.2 Centrifuge used in the experiments 
Figure 4.3 Spectrophotometer used in the experiments 
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Figure 4.4 Preserved specimen oflberis amara. 
Figure 4.4a Deposition of Copper sulphate on the preserved specimen. 
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Figure 4.5 Preserved specimen of Coccinia cordifolia. 
Figure 4.6 Preserved specimen of Acalypha indica. 
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Figure 4.7 Preserved specimen of Lantana indica. 
Figure 4.8 Preserved specimen of Asparagus racemosus. 
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Figure 4 9 Preserved specimen of Thevetia peruviana. 
Figure 4 10 Preserved specimen of Bauhima sps. 
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Figure 4.11 Preserved specimen of Bougainvillea spectabilis. 
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Figure 4.12 Green colour pigments faded within 2 days in 
Thevetia peruviana (fixed in . Propionic acid 1 ml. 
Formaldehyde 0.5 ml-8 ml). 
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4.2 Preservation of Yellow Coloured Specimens 
Yellow coloured flowers like Dahlia, Sonchus arvensis, and Thevetia 
peruviana were selected for experiments. Specimens washed with distilled 
water and kept in fixatives. Solution no.l of experiment no. 12 was found 
satisfactory for Sonchus arvensis. Whereas other solutions found 
unsatisfactory. Fifteen replicate specimens (Dahlia) were prepared and treated 
with solution no.2 of experiment no. 10 were kept to find out appropriate 
concentration of different chemicals as a preservative. Solution no.2 of 
experiment no. 13 were found better solution for the preservation of yellow 
Dahlia flower. Other solutions were found unsatisfactory. The above 
experiments shows that the optimum concentration of the Formaldehyde and 
Propionic acid was same in both fixative and preservative solutions. 
Experiments also shows that the 1 ml Formaldehyde and 1 ml Propionic acid 
in 100 Distilled water was sufficient for preservation of Sonchus arvensis 
and yellow Dahlia flower. 
4.2.1 Experiments for Fiiative 
Experiment No. 10 Effect of Formaldehyde and Propionic acid on yellow 
colour of Dahlia, Sonchus arvensis, and Thevetia peruviana. 
Five solutions composed of Formaldehyde and Propionic acid in 100 
ml Distilled water were prepared. Each specimen (five samples of each plant) 
placed in separate jars with fixatives for 24 hours in dark. Specimens of 
experiment no. 10 in which yellow Dahlia, Sonchus arvensis, and Thevetia 
peruviana ^yellow kanner) placed for fixing of yellow colour. Thevetia 
68 
peruviana changed colour into brownish yellow and colour pigments destroyed 
(Figure 4.12). Yellow Dahlia fixed properly in solution 2 of this experiment. 
Although some amount of yellow pigment dissolved in the fixative. Sonchus 
arvensis fixed better in solution no. 2 but other solutions were found 
unsatisfactory. Green colour of sepals destroyed in both specimens. 
Table 4.12 Effect of Formaldehyde and Propionic acid 
on yellow coloured specimens.. 
Solution No. 
1 
2 
3 
4 
5 
Distilled water 
100 ml 
100 ml 
100 ml 
100 ml 
100 ml 
Propionic 
1ml 
1 ml 
1 ml 
1ml 
1 ml 
acid Formaldehyde 
0.5 ml 
1ml 
2 ml 
4 ml 
8 ml 
4.2.2 Experiments for Preservative 
Experiment No. 11 Effect of Formaldehyde and Propionic acid on fixed 
specimens of Daiiiia, Sonchus arvensis, and Tkevetia peruviana. 
Five solutions were prepared with Propionic acid, and Formaldehyde 
in 100 ml Distilled water. Each specimen were placed in separate jars for 
final storage. Effectiveness of Formaldehyde and Propionic acid evaluated 
on fixed specimens of Dahlia, Sonchus arvensis, and Thevetia peruviana. (See 
Results and Discussion). 
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Table 4.13 Effect of Formaldehyde and 1 ml Propionic acid 
on fixed yellow coloured specimens. 
Solution 
No. 
1 
2 
3 
4 
5 
Distilled 
water 
100 ml 
100 ml 
100 ml 
100 ml 
100 ml 
Propionic 
acid 
1ml 
1ml 
1ml 
1ml 
1ml 
Formaldehyde 
1ml 
2 ml 
4 ml 
8 ml 
16 ml 
Experiment No. 12 Effect of Propionic acid and Formaldehyde on fixed 
specimens of Dahlia, Sonckus arvensis, and Thevetia peruviana. 
Five solutions comperising with Propionic acid and Formaldehyde in 
100 ml Distilled water were prepared. Each specimen were placed in separate 
jar for final storage. Effectiveness of Propionic acid and Formaldehyde 
evatuated. (See Results and Discussion). 
Table 4.14 Effect of Propionic acid and 1 mi Formaldehyde 
on fixed yellow coloured specimens. 
Solution No. 
1 
2 
3 
4 
5 
Distilled water 
100 ml 
100 ml 
100 ml 
100 ml 
100 ml 
Formaldehyde 
1ml 
1ml 
1ml 
1ml 
1ml 
Propionic acid 
1ml 
2 ml 
4 ml 
8 ml 
16 ml 
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EiDeriment No. 13 Effect of Glycerine, Formaldehyde and Propionic 
acid on fixed specimens of Dahlia, Sonchus arvensis, 
and Thevetia peruviana. 
Five solutions comperising with Formaldehyde, Propionic acid, and 
Glycerine in 100 ml Distilled water were prepared. Each specimen were placed 
in air-tight jars for fmal storage. Solution no. 2 was found good chemical 
combination for the preservation of yellow Dahlia flower Other samples were 
found unsatisfactory. The above experiments shows that the concentration of 
the Formaldehyde and Propionic acid was same in both fixative and 
preservative solutions. 
Table 4.15 EfiTect of Glycerine, Formaldehyde and Propionic acid 
on preserved yellow coloured specimens. 
Sample 
No. 
1 
2 
3 
4 
5 
Distilled 
water 
100 ml 
100 ml 
100 ml 
100 ml 
100 ml 
Formaldehyde 
1 ml 
1 ml 
1 ml 
1ml 
1 ml 
Propionic 
acid 
1 ml 
1ml 
1ml 
1ml 
1 ml 
Glycerine 
1ml 
2 ml 
4 ml 
8 ml 
16 ml 
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Figure 4.13 Preserved specimen oiSonchus arvensis. 
Figure 4.14 Preserved specimen of Dahlia. 
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Chapter 5 
Dry Preservation 
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5.0 
Dry Preservation 
For the preservation of ornamental plants and flowers in dry form, 
such as Bougainvillia, Cosmos sulphureus. Zinnia, Helianthus debilis (Beach 
Sun flower) and Gaillardia pulchella (Indian Blanket) were selected for the 
experiments. For the preservation of these flowers and ornamental plants, 
experiments were conducted to determine the optimum grain size of desiccant 
material to dehydrate and preserve shape and texture of flowers. Experiments 
were also conducted to determine the optimum temperature required for drying 
and preserving colours of the specimens. For these purposes flowers were 
dried at different temperature ranges for the preservation of colour and 
evaluation of the degree of dryness. Further experiments were conducted to 
minimize the shrinkage of flowers to preserve texture of entire specimen. 
Experiments were also conducted to determine the total time duration required 
to dry the specimen. 
Flowers with long pedicel were collected between 9 a.m. to 11 a.m. 
and placed in tap water just after the cutting of the specimens. Flowers 
harvested just before they reach their peak period. Flowers that have passed 
their prime period neither dry properly nor hold their colours well (Sharon 
Bale, 2004). 
5.1 Embedding of Flowers in Desiccant 
For the preservation of shape of flowers, proper embedding of samples 
in desiccant material is essential. Following methods were used for d'lfieTent 
type of flowers. 
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5.1.1 Embedding of Flat Faced Flowers 
Flowers were kept upside down (Figure 5.3) for embedding in silica 
gel. Pedicel of flowers reduced to two inches and bury in the desiccant material 
as follows: 
A glass bowl of flat bottom of appropriate diameter were taken and 
filled one inch layer of desiccant. Silica gel. Dehydrated it in an oven at 100 
°C ± 5 °C for 45 minutes and cooled down prior to use. Over the one inch 
layer of silica gel a wire sieve (200 mesh) was placed. Another one inch layer 
of desiccant also, prepared over the sieve to embed the sieve plate. Then the 
Flowers placed upside down over this layer. Silica gel dropped slowly around 
the flower in such a manner that it reaches every corner of the flower so that 
the flowers were covered completely by making two inch layer of Silica gel 
all over the flowers. Bowls were placed at a temperature below 40 °C for 
drying after sealed it in a polythene bags. Some other samples in the bowls 
were placed at a temperature more than 40 °C without sealing in polythene 
bags. 
5.1.1.1 Removal of The Specimens From The Desiccant 
The specimens were taken out from the oven after the required period 
for dry and cooled down for one hour then the flowers were uncovered from 
Silica gel by picking the outer ring of sieve plate and lifting the sieve plate 
slowly. Silica gel were sieved out completely and the flowers were taken out. 
Adhered grains of Silica gel dusted out with soft camel hair brush size no. 0-1 
according to the requirement and stored in sealed jars with some amount of 
self-indicating silica gel (6-20 mesh). 
Figure 5.1 Embedding Process Step 1 
Figure 5.2 Embedding Process Step 2 
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Figure 5 3 Embedding Process Step 3 ^:M' 
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Figure 5 4 Embedding Process Step 4 
77 
5.1.2 Embedding of Multi-Petalled Flowers 
Flowers of multy petals like Zinnia were placed face up and embedded 
as the following method. A wire stand of 1.5 inch height placed inside the 
glass bowl and sieve plate placed over it. Flowers with one inch pedicel placed 
over the sieve plate by inserting pedicels downward through the holes of sieve 
plate to rest the flower on the sieve plate. Silica gel dropped slowly around 
the flower to cover up completely by making two inch layer above the top of 
the flower. Jars were kept for drying after sealing in polythene bags at 
temperature below 40 °C. Some other samples in the bowls were kept at a 
temperature of more than 40 °C without sealing in polythene bags. 
5.1.2.1 Removal of The Specimens From The Desiccant 
The specimens were taken out from the oven and after the desired 
period cooled down for one hour then the flowers were uncovered from SiUca 
gel by picking the outer ring of sieve plate and lifting the sieve slowly. Silica 
gel were sieved out completely and the flowers were taken out. After removing 
flowers from silica gel, carefully dusted out with camel hair brush to remove 
fine adhered grains of silica gel. Fine particles of silica gel removed from 
flowers with soft camel hair brush of size no. 1-2 according to the requirement. 
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5.2 Preservation of Shape and Texture of Flowers 
Eiperiment 15 Evaluation of shrinkage in flower. 
Flowers of flat petals selected for evaluation of shrinkage because they 
are easy to measurement. Experiments were conducted to evaluate total 
shrinkage after drying the specimen and to determine optimum size of Silica gel 
to minimize the effect of shrinkage in petals. Sun flower (Helianthus debilis) 
selected to determine shrinkage in flower. For this purpose flowers were 
dehydrated in Silica gel grains of different size in air tight containers by 
embedding upside down as described above and kept at 38 °C. Five samples 
were kept for drying in Silica gel and one sample was teken to upside down 
hanging natural drying. 
Sample 1 
The average width of petals of flower sample no.l measured about 
7.75 mm. Specimen hanged upside down and placed in dark and dry place. 
Sample kept for drying at 38 °C and 34% RH for four days. The average 
width of the petals remeasured after drying was found 2.50 mm. 
Sample 2 
The average width of the petals of flower sample no. 2 measured 8.25 
mm. Coarse grained Silica gel were used for embedding specimen. Two inch 
layer of Silica gel grains was prepared in glass bowls for embedding flowers 
and flowers placed on this layer upside down. Flowers were covered with 
Silica gel by making two inch layer above the top of the specimen. Glass 
bowls were placed in polythene bag and then sealed the sample and kept for 
drying at 38 °C for four days. The average width of the petals remeasured 
after drying was found 3.00 mm. 
Sample 3 
The average width of the petals of flowers in sample no. 3 measured 
8.75mm. The specimens were embedded in 6-20 mesh Silica gel grains. Two 
inch even layer of Silica gel crystals prepared for embedding flower as 
described before. Flower placed on this layer upside down. Again two inch 
layer of Silica gel put above the flower. The bowls placed in polythene bag 
and sealed. Then the sample kept for drying at 38 °C for four days. The 
width of the petals remeasured after drying was found 5.75 mm. 
Sample 4 
The width of the petals of flower taken in sample 4 measured about 
8.25 mm. The specimens embedded in 15-20 mesh Silica gel grains. Two 
inch layer of Silica gel grains prepared for embedding as described before. 
Flower placed on this layer upside down. Again two inch layer of Silica gel 
put above the flower. Flowers embedded as described before. Glass bowls 
placed in a sealed polythene bag and the sample kept for drying at 38 °C for 
four days. The average width of the petals remeasured after drying was found 
5.50 mm. 
SO 
Sample 5 
The width of petals of flowers taken in sample no. 5 measured about 
8.35 mm. The specimens embedded in 100-200 mesh Silica gel. Two inch 
layer of Silica gel prepared for embedding flower as described before. Flower 
placed on this layer upside down. Again two inch layer of Silica gel put above 
the flower. The bowls placed in polythene bag and sealed. Then the sample 
kept for drying at 38 °C for four days. The average width of the petals 
remeasured after drying was found 6.55 mm. 
Sample 6 
The width of petals of flowers taken in sample no. 6 measured 8.50 
mm. The specimens embedded in 230-400 mesh Silica gel. Two inch layer of 
Silica gel prepared for embedding flowers as described before. Flower placed 
on this layer upside down. Again two inch layer of Silica gel put above the 
flower. The bowls placed in polythene bag and sealed. Then the sample kept 
for drying at 38 °C for four days. The average width of the petals remeasured 
after drying was found 6.75 mm. 
Table 5.1 Width of petals in Helianthus debilis before and after drying. 
Sample No. 
1 
2 
3 
4 
5 
6 
Before drying 
7.5-8.0 mm 
8.0-8.5 mm 
8.5-9.0 mm 
8.0-8.5 mm 
8.0-8.7 mm 
8.0-9.0 mm 
After Drying 
2.0-3.0 mm 
2.0-4.0 mm 
5.5-6.0 mm 
5.0-6.0 ram 
6.3-6.8 mm 
6.5-7.0 mm 
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Table 5.2 Average width of petals in fresh 
Helianthus debilis before drying. 
Sample 
No. 
1 
2 
3 
4 
5 
6 
Width 
of petals 
7.5 - 8.0 mm 
8.0- 8.5 mm 
8.5 -9 .0 mm 
8.0- 8.5 mm 
8.0- 8.7 mm 
8.0- 9.0 mm 
Average 
Width 
7.75 mm 
8.25 mm 
8.75 mm 
8.25 mm 
8.35 mm 
8.50 mm 
Table 5.3 Average width of petals in 
Helianthus debilis after drying. 
Sample 
No. 
1 
2 
3 
4 
5 
6 
Width 
of petals 
2 . 0 - 3.0 mm 
2 .0 - 4.0 mm 
5.5 - 6.0 mm 
5.0- 6.0 mm 
6.3 - 6.8 mm 
6.5 - 7.0 mm 
Average 
Width 
2.50 mm 
3.00 mm 
5.75 mm 
5.50 mm 
6.55 mm 
6.75 mm 
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Table 5.4 Size of Silica gel and corresponding shrinkage in petals 
of Helianthus debilis after drying. 
Sample 
No. 
1 
2 
3 
4 
5 
6 
Grain size 
of Silica gel 
N D * 
Coarse grain 
6-20 mesh 
15-20 mesh 
100-200 mesh 
230-400 mesh 
Shrinkage 
in percent 
67.74 
63.64 
34.29 
33.33 
21.55 
20.59 
* Upside down hanging Natural Drying. 
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Shrinkage in Petals 
20.59% 
21.55% 
34.29% 
67.74% 
• ND* 
• Coarse grain 
n6-20 mesh 
D15-20 mesh 
• 100-200 mesh 
•230-400 mesh 
63.64% 
Figure 5.5 Shrinkage in Petals of Helianthus debilis 
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Figure 5.6 Retention of shape in Petals of Helianthus debilis 
Dried in Different Size of Silica Gel Grains. 
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Retention of Shape 
1 
N 
1 
D* 
s ^ ^ ^ ^ ^ ^ ^ 1 
Coarse 6-20 15-20 100-200 230-400 
grain mesh mesh mesh mesh 
Silica gel 
1 
Figure 5.6-A Retention of shape in Petals of Helianthus debilis 
Dried in Different Size of Silica Gel Grains. 
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Figure 5.7 Shrinkage of flower in air dried specimen 
Figure 5.8 Shrinkage of petals of Helianthus debilis dried in course 
grain Silica gel 
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Figure 5.9 Shrinkage in flower dried in 6-20 mesh Silica gel 
Figure 5.10 Shrinkage in flower dried in 15-20 mesh Silica gel 
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Figure 5.11 Shrinkage in flower dried in 100-200 mesh Silica gel 
Figure 5.12 Flower dried in 230-400 mesh Silica gel 
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Figure 5.13 Damages on the petals o{Dahlia due to the angular and 
pointed garins of Silica gel. 
Figure 5.14 Pores on the petals ofHelianthus debilis due to the 
angular and pointed garins of Silica gel . 
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5.3 Dry Preservation of Flowers Retaining Colour Pigments 
Experiment No. 16 Evaluation of optimum temperature and duration 
for drying for colour preservation. 
Experiments were conducted to evaluate optimum temperature range 
and duration of time period for drying of flowers for the colour preservation. 
Blanket Flower were dehydrated at four different temperatures in an airtight 
oven and B.O.D. chamber for this purpose. Flowers were embedded in Silica 
gel as described in subsection 4.2.2.1 of chapter 3. Weight of every specimen 
also taken before and after drying the specimens. Photographs were taken 
before and after the drying process was completed for showing colour change 
in flowers and a chart was prepared with the help of flower samples for this 
purpose (Figure 5.25). 
Sample 1 
Flowers were embedded in 230-400 mesh Silica gel for dehydration. 
Weight of flowers also taken before drying and after the drying process was 
completed. Then the samples of flowers placed in B.O.D. chamber at 34 °C 
until the loss of mass reached stable. Weight of flowers noted after every 24 
hour. The weight lossed from 4.90 gm to 0.92 gm during the drying process. 
fBESlS 
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Figure 5.15 Vacuum Thermostat used in the Experiments 
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Table 5.7(a). Loss of Weight in 
Time (Hours) 
0 
24 
48 
72 
96 
120 
flowers drying at 34°C 
Weight (gm) 
4.90 
1.13 
1.05 
0.94 
0.92 
0.92 
Sample 2 
Flowers were embedded in 230-400 mesh Silica gel for dehydration. 
Weight of flowers also taken before drying and after the drying process was 
completed. Then the samples of flowers placed in B.O.D. Chamber at 37 °C 
until the loss of mass reached stable. Weight of flowers noted after every 24 
hour. The weight lossed from 6.02 gm to 1.43 gm during the drying process. 
Table 5.8(a). Loss of Weight in flowers drying at 37 °C 
Time (Hours) 
0 
24 
48 
72 
96 
Weight (gm) 
6.02 
1.73 
1.44 
1.43 
1.43 
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Samples 
Flowers were embedded in 230-400 mesh Silica gel for dehydration. 
Weight of flowers also taken before drying and after the drying process was 
completed. Then the samples of flowers placed in vaccum thermostat at 100 
°C until the loss of mass reached stable. Vaccum was not created in 
thermostat. Loss in mass is described in Table 5.9(a). Weight of flowers noted 
after every 30 minute. The weight lossed from 5.56 gm. to 1.32 gm during 
the drying process. 
Table 5.9(a). Loss of Weight in flowers drying at 100 °C 
Time (Hours) 
0 
1 
2 
3 
4 
5 
Weight (gm) 
5.56 
3.21 
1.62 
1.34 
1.32 
1.32 
Sample 4 
Flowers were embedded in 230-400 mesh Silica gel for dehydration. 
Weight of flowers also taken before drying and after the drying process was 
completed. Then the samples of flowers placed in vaccum thermostat at 140 °C 
until the loss of mass reached stable. Vaccum was not created in thermostat. 
Loss in mass is shown as in Table 5.10(a). Weight of flowers noted after every 
30 minute. The weight lossed from 5.01 gm to 1.15 gm during the drying process. 
Table 5.10(a). Loss of Weight in flowers drying at 140 °C 
Time (Minutes) 
0 
30 
60 
90 
120 
Weight (gm) 
5.01 
1.21 
1.16 
1.15 
1.15 
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Table 5.11 Total duration of drying and loss 
Temp. 
Sample 1 34 °C 
Sample 2 37 ^C 
Sample 3 100 «€ 
Sample 4 140 °C 
Total time 
96 (hrs) 
48 (hrs) 
3 (hrs) 
2 (hrs) 
Initial weight 
4.90 gm 
6.02 gm 
5.56 gm 
5.01 gm 
of mass after drying 
Final weight 
1.12 gm 
1.44 gm 
1.34 gm 
1.14 gm 
Loss of 
Mass 
3.78 gm 
4.58 gm 
4.22 gm 
3.87 gm 
Sample 1 
Sample 2 
Sample 3 
Sample 4 
Table 5.12 Loss of mass 
Temp. 
34 °C 
37 °C 
100 °C 
140 °C 
Initial weight 
4.90 gm 
6.02 gm 
5.56 gm 
5.01 gm 
after drying (gm). 
Final weight 
1.12 gm 
1.44 gm 
1.34 gm 
1.14 gm 
Loss of 
weight 
3.78 gm 
4.58 gm 
4.22 gm 
3.87 gm 
Table 5.13 Loss of mass after drying (percent). 
Sample 1 
Sample 2 
Sample 3 
Sample 4 
Temp. 
34 °C 
37 °C 
100 °C 
140 °C 
Initial weight 
4,90 gm 
6.02 gm 
5.56 gm 
5.01 gm 
Final weight 
1.12 gm 
1.44 gm 
1.34 gm 
1.14 gm 
Loss of 
weight (gm) 
3.78 gm 
4.58 gm 
4.22 gm 
3.87 gm 
Loss of 
weight (%) 
77.14 
76.07 
75.89 
77.24 
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Table 5.8(b) Loss in weight in flowers during drying at 37 °C 
Time (Hours) 
0 
24 
48 
72 
96 
Weight (gm) 
6.02 
1.73 
1.44 
1.43 
1.43 
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Loss of weight at 34 °C 
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Figure 5.16 Drying Curve of Flowers at 34 °C 
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Figure 5.17 Drying Curve of Flowers at 37 °C 
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Table 5.9(b). Loss in weight of flowers during drying at 100 °C 
Time (Hours) 
0 
1 
2 
3 
4 
' 
Weight (gm) 
5.56 
3.21 
1.62 
1.34 
1.32 
1.32 
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Loss of weight at 100 °C 
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Figure 5.18 Drying Curve of Flowers at 100 °C 
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Table 5.10(b). Loss in weight of flowers during drying at 140 °C 
Time (Minutes) 
0 
30 
60 
90 
120 
Weight (gm) 
5.01 
1.21 
1.16 
1.15 
1.15 
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Loss of weight at 140 ^C 
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Figure 5.19 Drying Curve of Flowers at 140 °C 
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Table 5.14 Drying time and temperature. 
Temperature 
34 °C 
37 °C 
100 °C 
140 °C 
Drying Time 
96hrs 
72hrs 
4 hrs 
2hrs 
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Figure 5.20 Rate of drying in flower. 
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Figure 5.21 Flower dried at 140 °C 
Figure 5.22 Flower dried at 100 "C 
^ ^ ^ 
,1* 
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Figure 5.23 Flower dried at 37 °C 
Figure 5.24 Flower dried at 34 "C 
Colour Retention In Flower Petals After Drying 
Fresh specimen 
Sample 4 
Temperature 140 oC 
Time 2 hrs 
Sample 3 
Temperature 100 oC 
Time 4 hrs 
Sample 2 
Temperature 37 oC 
Time 72 hrs 
Sample 1 
Temperature 34 oC 
Time 96 hrs 
Figure 5.25 Colour retention in Gaillardiapulchella flower after drying. 
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Figure 5.26 Preserved Flowers of Rose and Dahlia dried at 34 °C. 
Figure 5.27 Preserved Flowers of Verbena officinalis dried at 34 °C 
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Figure 5.28 Preserved Flower o^Cosmos sulphureus dried at 34 °C 
Figure 5.29 Preserved Flower of Gaillardiapulchella dried at 34 "C 
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Chapter 6 
Results and Discussion 
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6.0 
Results and Discussion 
In the conventional method of preservation of botanical specimens 
fading of colour is quite natural. Therefore it is imperative to findout new 
ways and methods to preserve the natural colour pigments while using different 
preservatives. Generally there are three methods of preservation such as wet, 
dry and cold methods used for the preservation of botanical specimens. The 
principal objective of this research work was to preserve the ornamental plants 
and flowers retaining their natural colour, texture and appearance. 
6.1 Wet Preservation 
The earlier research works shows that prior to the preservation some 
fixatives must be used to obtain better results for the preservation of Chlorophyll 
in liquid medium. Effectiveness of Copper sulphate as Chlorophyll preservative 
evaluated as earlier workers were practiced. The main objectives of the wet 
preservation experiment was to find out the appropriate quantity of Copper 
sulphate. Formaldehyde, and Propionic acid for the preservation of 
Chlorophyll and Xanthophyll of selected plants as a fixative and preservative. 
The specimens Coccinia cordifolia, Iberis amara, Acalypha indica, Lantana 
indica, Bougainvillea spectabilis, Thevetia peruviana. Asparagus 
racemosus, Sonchus arvensis, Bauhinia sps, and Justicia were kept in 
different concentration of fixatives for the fixing of green colour of the 
specimens. The experiment reveals that the better evenly dark green colour 
found in Asparagus racemosus of solution 6 of experiment 1. Solution 1 
shows even lighter green colour than solution 6 of experiment no. 1. All other 
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solutions 2, 3, 4, and 5 shows light and dark green patches on leaves of 
Asparagus racemosus in increasing order from soluton 1 to solution 5. In 
this experiment 32 gm Copper sulphate determined as optimum to give even 
dark green colour for Asparagus racemosus. In experiment no.2 optimum 
quantity of Formaldehyde evaluated with 32 gm copper sulphate. Out of the 
seven samples, sample 1 of experiment 2 shows good results without affecting 
green colour. Although other samples gives much hardening effect to the 
specimens but, when these specimens placed in preservatives, green colour 
disappear within a short period of time. In this experiment 1 ml formaldehyde 
found optimum quantity with 32 gm Copper sulphate. Sample 1 of experiment 
3 which contains Formaldehyde 1 ml. Copper sulphate 32 gm and Picric 
acid 1 ml shows good green colour. Other solutions of experiment 3 were not 
satisfactory. None of the sample of experiment 4 found satisfactory because 
green colour faded in all samples of these experiments. Though sample 1 of 
experiment no. 4 shows very little colour retention. Therefore none of the 
sample of experiment no.4 selected for final experiments on preservation. 
Coccinia cordifolia, Iberis amara, Acalypha indica, Lantana indica, 
Bougainvillea spectabilis, Thevetia peruviana, Bauhinia sps, Sonchus 
arvensis, and Justicia, which were not fixed in the any above solutions, kept 
in the new set of solutions. Solution 2 of experiment no. 5 which contain 
Formaldehyde 2 ml, and Copper sulphate 1 gm shows good green colour in 
Iberis amara plant, all other plant were not satisfactory in any other solutions 
of this experiment. In experiment no.6, solution 1 which include Formaldehyde 
2 ml. Copper Sulphate 1 gm, and Propionic acid 1 ml gives more satisfactory 
results than solution 2 of experiment 5 for Iberis amara and other specimens 
of Coccinia cordifolia, Acalypha indica, Lantana indica, Bougainvillea 
spectabilis, Thevetia peruviana, and Bauhinia sps were satisfactory in 
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solution 1 of this experiment. Green colour ofSonchus arvensis, and Justicia 
was not fixed in the above solutions. 
Specimens those shows some quantity of green colour selected for 
experiments on preservatives. Specimens fixed in different chemical 
combination and those shows satisfactory results selected for testing of 
suitable preservative solutions of different concentration. Specimen of solution 
6 of experiment I, Specimen of solution 1 of experiment 2, Specimen of 
solution 1 of experiment 3, Specimen of solution 1 of experiment 6 selected 
for further experiments on preservatives. Two sets of these specimens prepared 
in which one set placed in dark and one set placed in room light. After three 
days of storage jars were taken out for evaluation of colour. 
The specimens preserved in Formaldehyde 1 ml, and increasing quantity 
of Citric acid from 1 gm to 16 gm (experiment 7) shows changes in colour of 
leaves after 3 days in increasing order in all samples. After one month leaves 
were started to fall from anterior side. Within two months green colour of 
leaves were destroyed completely in each sample (Experiment 7, Table 4.7). 
Specimens preserved in solutions of experiment no. 7 in which Citric acid were 
used as a preservative, none of the specimen found satisfactory. After two 
months of preservation, fungus developed in all five samples of this experiment 
and green colour of specimens destroyed. None of the sample was found 
satisfactory. Specimens placed in the solution of Formaldehyde and increasing 
quantity of Propionic acid from 1 ml. to 16 ml solution turns milky when 
quantity of Propionic acid exceeds from 4 ml. Specimens of solution 1 of 
experiment 8 (Formaldehyde 1 ml. Propionic acid 1 ml) reveals good green 
colour in all samples of experiment 8. No known further changes found in 15 
months. All the samples of experiment 9 that contains Formaldehyde 1 ml. 
Propionic acid 1 ml, and Citric acid from 1 gm to 16 gm shows no trace of 
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green colour in any samples. Green colour destroyed in all the samples and 
leaves were found fallen in all the samples of this experiment after one month. 
None of the sample was found satisfactory of experiment no.9. 
Solution 1 of experiment no.6 shows retention of good green colour in 
the following specimens: Coccinia cordifolia, Iberis amara, Acalypha indica, 
Lantana indica, Bougainvillea spectabilis, Thevetia peruviana, Bauhinia 
sps. plant. Solution 1 of experiment 2 which include Formaldehyde 1 ml, and 
Copper sulphate 32 gm is considered as the best fixative for Asparagus 
racemosus plant. 
It is found that the quantity of Formaldehyde and Propionic acid are 
same as a preservative for Coccinia cordifolia, Iberis amara, Acalypha 
indica, Lantana indica, Bougainvillea spectabilis, Thevetia peruviana, 
Bauhinia sps, and Asparagus racemosus plants. Bluish white flowers of Iberis 
amara faded after six month, but green colour not faded even after 18 months 
(Figure 4.4). 
The experiments in which specimens were best preserved repeated 
for storage in dark and room light during fixing process and final storage. 
Specimens those stored in dark during fixing process and final storage process 
gives better colour retention than those specimens which were stored in dark 
only during final preservative process. The best preserved specimens of dark 
storage, and fresh specimen oiBougainvillea spectabilis selected for the 
Spectrophotometric analysis of Chlorophyll contents. Spectrophotometric 
analysis reveals that the specimen fixed in 1 gm Copper sulphate, 2 ml 
Formaldehyde, and 1 ml Propionic acid and stored in 1 ml Formaldehyde 
and 1 ml Propionic acid contains more Chlorophyll than specimens fixed in 
saturated solution of Copper sulphate in 10 percent solution of Formalin and 
stored in 5 percent Formalin solution (Figure 4.1). 
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Experiments shows that the quantity of Copper sulphate varies with 
specimen to specimen, some specimens like Bougainvillea spectabilis reveals 
better fixing in I gm quantity while other specimens like Asparagus racemosus 
shows good green colour with 32 gm and these results coincides with the 
experiments of Mackenzie (1928) used Copper sulphate with other chemicals 
to preserve different parts of plant, such as old dark-green foliage, a stronger 
Copper solution is used than for young tender light-green leaves. A number 
of workers used Copper sulphate in different quantity. SchuUy (1937), 
Blaydes (1937) used 2% solution of Copper sulphate in saturated Formalin-
Acete-Alcohol. Chandrasekhar (1958) applied saturated solution of Copper 
sulphate to many other specimens gives not satisfactory results, product shows 
unnatural dark bluish green colour in entire specimen (Figure 5.4a). Maltby 
(1926) suggests fixing of some other specimens in a solution of Copper 
sulphate 15 grms in 750 cc Distilled water and bubbling in Sulphur dioxide 
gas. Johansen (1940) substitutes Propionic acid for Acetic acid in Blaydes 
(1937) experiment. The experiments reveals that the same quantity of Copper 
sulphate not useful to all green coloured plants. 
Spectrophotometric analysis for Chlorophyll contents reveals that the 
specimen earUer fixed in 1 gm Copper sulphate, 2 ml Formaldehyde, and 1 ml 
Propionic acid and preserved in Formaldehyde 1 ml, and 1 ml Propionic acid, 
found Chlorophyll a 0.52 mg kg', and Chlorophyll b 1.03 mg kg' in preserved 
sample (Figure 5.9) whereas Chlorophyll a 0.97 mg kg' , and Chlorophyll b 
1.97 mg kg ' in fresh sample oi Bougainvillea spectabilis (Table 4.11). 
Specimens of experiment 10 in which yellow DahUa, Sonchus arvensis, 
and Thevetia peruviana (^ yellow kanner) placed for fixing of yellow colour. 
Thevetiaperuviana changed to brownish yellow and leaves colour destroyed 
within 24 hours. (Figure 4.12). Yellow Dahlia fixed properly in solution 2 of 
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this experiment, Altiiough some amount of yellow pigment dissolved in the 
fixative by changing the colour of the solution yellowish. Sonchus arvensis 
better fixed in solution 2 and other solutions were not satisfactory. Green 
colour of sepals destroyed in both specimens. 
Specimens of solution 2 stored in the different chemical concentrations 
for the evaluation of preservative (Table 4.13, 4.14, 4.15). Solution 1 of 
experiment 12 was satisfactory for Sonchus arvensis (Figure 4.13). Other 
solutions were not satisfactory. Fifteen repHcate specimens (Dahlia) of solution 
2 experiment 10 were prepared to find out appropriate concentration of 
different chemicals as a preservative. Solution 2 of experiment 13 were found 
good chemical combination for the preservation of yellow Dahlia flower (Figure 
4.14). Other samples were not satisfactory. The above experiments shows 
that the concentration of the Formaldehyde and Propionic acid was same in 
both fixative and preservative solutions. Experiments shows that the 1 ml 
Formaldehyde and 1 ml Propionic acid was adequate for preservation of 
Sonchus arvensis and yellow Dahlia flower. 2 ml Glycerine was also added 
to the final preservative of Dahlia. Johansen (1940) substitutes Propionic acid 
for Acetic acid in Blaydes (1937) experiment. 2-3 ml/kg Propionic acid 
concentration was used by S. Kumar et a/.(1993) as a Maize grain 
preservative. In the present experiment for Sonchus arvensis and Dahlia 
specimens no prior fixation of colour is necessary. Proposed single solution 
method for the preservation of yellow coloured specimens matches with the 
work of Adriano and Youzen (1933). Preserved specimens also be sealed 
carefully in glass jars. It has been found that the preserved specimens hold 
good colour more than 24 months. 
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6.2 Dry Preservation 
The experimental data is available in APPENDIX E and has been 
divided into different areas for analysis. Each area helps to address the 
research objectives and goals. 
6.2.1 Preservation of Texture and Appearance 
Experiments were conducted to evaluate total shrinkage after drying 
to find out optimum size of Silica gel to minimize shrinkage in flower petals. 
Six samples were prepared for the evaluation of shrinkage; sample no. 1 was 
dried in air by hanging upside down, other with Coarse grained Silica gel 6-
20 mesh Silica gel grains, 15-20 mesh Silica gel, 100-200 mesh size Silica 
gel, and 230-400 mesh Silica gel grains,. Before and after drying petals of 
each flower {Helianthus debelis) measured separately in width and an average 
width were calculated (Table 5.2). 
Figure 5.7 reveals the results of the experiment no. 15. Natural drying 
and coarse grains of Silica gel are not suitable to preserve texture and 
appearance of flowers. Sample 1 reveals maximum shrinkage, when shrinkage 
is present, it is not possible to preserve texture of the specimen. While shape 
is concerned, natural drying does not preserve any natural shape of the 
specimen. In natural drying flower losses their natural appearance and changed 
to more or less closed form of flower in shrinking form. Coarse grain of Silica 
gel also not suitable to preserve natural shape and texture due to their 
coarseness and heaviness. Heavy grains causes weight over the specimens 
which results the deformation of flower and leaves while stem portion and 
other hard parts like spines does not shows any considerable shrinkage. 
Moreover large size grains does not cover entire surface of specimen. Large 
size grains of Silica gel does not come in contact to the entire surface of 
petals and leaves and leave large intergranular spaces in comparison with finer 
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grains. These intergranular spaces leave enough space to shrink. Due to their 
large size and angular nature faces of grains makes a certain gap from the 
surface of the specimen. Sharp angular points occasionally touch the surface 
of specimen which damage petals by pinching causes small holes (Figure 5.14). 
Usually large pointed and heavy weight of Silica gel grains are responsible for 
this type of damage. It is recommended that for the spongy or hollow stems, 
a non-corrosive metal wire may be inserted to the spongy stems before drying 
to reduce shrinkage in stems. But woody stems shows little shrinkage after 
drying process. 
Figure 5.22 shows the retention of shape and texture. The figure clearly 
shows that texture and appearance of flowers also preserved by Silica gel 
grain of 100-200 mesh just 0.96 percent less than silica gel grains of 230-
400 mesh. This is contrary to the work of Steedman, 1976 who found that 30-
120 mesh Silica gel preserve three-dimensional aspect of the flower. Fine 
Silica gel grains do not allow flowers to self contraction because fine Silica 
gel reaches almost every corner and makes full layer contact with petals and 
other parts leaving no large intergranular spaces to shrink petals. 
Large heavy grains of Silica gel produces too much pressure so that 
original shape and texture of flower changes accordingly. Intergranular spaces 
between petals and grains makes spaces to shrink petals, at the same time 
pointed end of Silica gel grains makes depressions on the petals and some 
times hole due to pressure of overlaying Silica gel grains (Figure 5.14). 
6.2.2 Preservation of Colours 
After finding proper grain size of Silica gel for the preservation of shape 
and texture, experiments conducted for the preservation of colours in flower. 
For the evaluation of dryness of specimens, weight of flowers also taken before 
drying and after drying process is completed. Dryness determined through 
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periodic weighings of the specimen until a constant weight is achieved. To 
test the complete dehydration, after taking out from the Silica gel specimens 
placed in a glass jar of appropriate size with 100 gm pre-heated course grain 
self-indicating Silica gel for one hour. Weight of specimens taken after one 
hour interwell for five times. Results of the experiment 16 shows that low 
temperature removes water content slowly from the specimen and high 
temperature removes water quickly and reveals a point where no more 
moisture can considerably be removed from the sample i.e. a dried sample. It 
reveals that the rate of water removal is not constant. Most of the amount is 
removed early in the drying process. Constant mass is considered to be 
completely dry. Around 76 percent water removed from specimens. The drying 
rate accelerated with the increasing of the temperature. (Figure 5.20) Results 
of exi»eriment 16 shows that maximum time taken by the sample 1 of 
experiment 16. In this sample specimens dried in 96 hours and minimum time 
taken by the sample 4 which shows that specimens dried in just 2 hours. 
Other samples dried accordingly (Table 5.11). 
In case of samples which were dried at 140 °C, colour of the flower 
altered considerably and due to crispy nature of petals. Moreover flowers 
were difficult to remove from the desiccant material. Photographs taken before 
and after drying process is completed to show colour change in dry flowers. 
Figure 6.21 showing changes in colours in petals. The table is prepared by 
the placing of photographs of fresh and preserved specimens in sequence of 
colour. Sample 4 shows minimum colour retention which were dried at 140 
°C for 2 hours. Colour of different samples were changed considerably and 
the specimens become more and more crispy. Specimens of sample 3 which 
were dried at 100 °C for 4 hours reveals better results than sample 4. 
Specimens of the sample 2 reveals better colour than sample 3 which were 
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dried at 37 °C for 72 hours. Colour of the sample 1 slightly declined than the 
fresh specimen and considered 95 % which were dried at 34 °C for 96 hours. 
In this case colours of the specimens were vibrant and specimens were 
comperetively soft. The results shows that it is necessary to keep a balance 
between level of temperature and duration of treatment. These results show 
that a higher temperature more than 37 °C decrease the colour quality of 
floral parts. Mosley 1908 suggests quick and gentle heat give better colour 
but not indicated exact level of temperature required for the same. Hangay & 
Dingley (1985) described the method of dry preservation of plants in their 
book Biological Museum Methods Vol. 2 by pressing and drying with the 
help of plant press. For quick drying plant press placing in drying cabinets 
for one to three days at 35 °C. The Result is contrary to the work of Dunlop's, 
(1908), opinion that artificial heat should not be used as it injures the colour 
of the flowers. According to Jones (1917). The temperature should not exceed 
50 °C for sand drying in a closed space. Uncontrolled process of drying, and 
heating will damage plant and animal cells...(Stansfield, G. et al. 1994). 
Steedman, 1976 who shows quick drying at 40 °C for 4 days in 30-120 mesh 
Silica gel preserves better colour. The vase life of the flower is also important 
because drying at low temperature after the vase life, flower will start 
deteriorate by degradation of enzimes. During the period of autolytic decay 
DNA molecules degrade relatively rapid due to the effects of enzymes and 
reactive chemicals that are released in tissues. Once the autolytic decay 
processes end, either naturaly or because of artificial treatment, the DNA 
molecule enter a period of much slower deterioration caused by environmental 
factors. Most important factors includes hydrolysis, oxidation, radiation, 
temperature and humidity. Plants dried at a temperature below 30 °C ensure 
DNA preservation (Lindahl, 1993), but the time of process of drying will 
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slightly increase. At 30 °C specimens dried in circulated dry air flow may 
speed up rate of drying process. If preservation process take more time than 
its vase life, then preserved product will show more change in colour and also 
changes natural shape. Those petals which are in contact with Silica gel dry 
quickly in the same flower, whereas the areas of the non contact with Silica 
gel took more time to dry. If this period is more than its vase life, colour of 
that part of the flower change significantly. Preserved specimens should stored 
at optimum temperature and relative humidity preferabely at the range of 18-
20 °C and RH 50- 55% for long lasting effect. 
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Chapter 7 
Conclusions 
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7.0 
Conclusions 
Preservation of natural colour pigments in plant specimens is a well 
cherished dreams of many scientists and workers and they have been 
experimented various methods. It is quite significant task to preserve the colour 
pigment of Botanical specimens which are displayed in galleries of Museums, 
research collection and storage including herbarium collections. The present 
study reveals that there is still lot of scope to conduct research on various 
aspects of preservation techniques particularly in the field of preservation of 
natural colour pigments on botanical specimens. 
The present experimental results shows that for the preservation of 
plants containing Chlorophyll required prior fixing process (24 hrs) whereas 
in yellow coloured (Carotenoids) specimens, no prior fixation is required. 32 
gm. Copper sulphate in 100 ml solution was found sufficient for fixing of 
chlorophyll oiAsparagus recemosus and 1 gm Copper sulphate solution for 
Iberis amara,Coccinia cordifolia, Acalypha indica, Lantana indica, 
Bougainvillea spectabilis, Thevetia peruviana, Bauhinia sps. Same 
concentration for final preservative was found satisfactory in all green coloured 
specimens. Yellow coloured plants preserved successfully in different chemical 
concentrations and need not any prior fixing process (Table 4.14). The results 
reveals that 1 ml of Propionic acid in 100 ml solution may be recommended 
for final preservative. After 18 months no significant changes found in colour 
and appearance of preserved specimens. 
In Museums, dried and pressed plants may be of greater value in 
research than on display. But three dimentional preserved plant specimens 
may attract wide variety of visitors. Fine grain Silica gel preserve texture and 
shape of the specimens due to full layer contact with petals surface without 
leaving spaces to shrinkage. Large Silica gel from Course grain to 15-20 mesh 
are harmful to the delicate flower and other parts of the specimens because 
sharp pointed end of grains makes holes and depressions on the petals. 
Specimens must be collected just before reach their peak period. Flowers 
that have passed their prime period do not hold their colour well during 
preservation (Sharon Bale, 2004). Specimens must be dried within its vase 
life. Specimens taking longer time to dry may produce unsatisfactory results. 
Container of specimen must be cooled up to the room temperature before 
opening the container to take out specimen from desiccant. Use of sieve plate 
of appropriate size is helpful to safe removal of the dry specimens from the 
desiccant material. Dried specimens must be stored quickly in air-tight jars 
to prevent absorption of moisture from air. It must be stored in sealed glass 
or plastic containers with some amount of coarse grain self-indicating silica 
gel inside the jar to maintain the moisture level in the micro-environment. 
Silica gel of 230-400 mesh preserves natural shape and texture of the 
entire specimen. Drying flower at a temperature of 34 °C reveals brilliancy 
of colours in flowers (Figure 5.24). Drying at temperature of more than 37 °C 
deteriorate the colours considerably. Specimens preserved at low temperature 
are better and important for the study of DNA too. Drying temperature must 
be below 30 °C to preserve DNA without degradation (Brown, 1999). 
Desiccant materials surrounding the specimen during drying process discharge 
due to absorption of moisture, whereas the specimens are non-contacted with 
Silica gel, the colour of specimen at these areas get decomposed and change 
significantly. 
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Recommendations 
In the light of above facts the following recommendations are mere made 
for the benefit of further workers: 
1. Spectrophotometric analysis of Chlorophyll content must be performed 
at the time of collection of specimens and soon after the preservation 
process is completed for more deep analysis of the experiment. 
2. It is necessary to use of suitable apparatus for dry air circulation during 
drying process. It will replace the humid in and around the flower with 
dry air. This process will enhance the drying rate and improve the quality 
of colours during preservation. 
3. Drying of plants at a temperature less than 30 °C with circulated dry air 
in desiccant may be helpful for DNA preservation in the dried specimens. 
3. Use of suitable equipment for colour measurement (Spectroscopy) before 
and after drying process is completed to show more accurate findings. 
4. Injecting the synthetic colours prior to drying the specimens may give 
better colour retention and these type of specimens may be useful in 
floriculture industry. 
5. Transgenic plants with highly sophisticated flowers having durable colours 
and strong petals which are supposed to resistant to various 
environmental conditions may be produced to achieve better results for 
the preservation of botanical specimens. It would be also beneficial for 
floriculture industry. Lyco Red company's research team has developed 
new LRT (Lycopene rich tomato) varieties of tomato with twice as much 
lycopene as present conventionally produced (Ravishankar, G.A. and 
Vasudha Mudgil, 2004). 
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6. Preserved specimens should stored at optimum temperature and relative 
humidity preferabely at the range of 18- 20 °C and RH 50- 55% for 
long lasting effect. 
Advantages of proposed technique of Wet Preservation 
1. This process takes less time for completion the process of preservation 
than the recommendations of the earlier workers. 
2. Ensures the better preservation of Chlorophyll pigments in green leaves. 
3. Proposed method is economical and simple for practice small museum 
even and labs. 
Advantages of proposed technique of Dry Preservation 
1. This technique shows maximum colour retention. 
2. Preserves natural appearance and texture of the specimens. 
3. Dry preserved specimens by these methods can be improve the quality 
of preserved specimens stored and displayed in museum and herbarium 
collections. 
4. Preserved and dried Bouquet with natural colour and shape may fetch 
more price and demand in the floriculture market than the ordinary 
stained one available. 
5. Technique is completely safe from burning of specimens, as mostly 
happen in the case of hot-sand method, microwaves, and oven methods. 
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8.0 
Summary 
The history of preservation of botanical specimens goes back to 
the very ancient period. Moreover the nature itself preserved a huge 
amount of plants particularly during Carboniferous period about 345 
million years in the form of fossils. Ancient Egyptians preserved elaborate 
garlands and made detailed preparations using grains and herbs for their 
dead for metaphysical reasons for about 3000 years since 2600 BC. 
Medieval Monks harvested and dried flowers and herbs for medicinal 
purposes. Victorian ladies considered floral garlands to be an essential 
fashion accessory and they used to display dried flowers in glass domes. 
Flower craft enjoyed most popularity in Victorian England. The interest 
in dried flowers comes in waves bringing all the old applications and 
techniques along with fresh inspirations and ideas. In spite of using best 
chemicals for improvement of keeping quality and enhancement of vase 
life, the cut flowers is lost due to microbial activities and ageing process. 
Dried flowers, herbs, grasses and to a lesser extent seed head are used by 
florists to design the semi-permanent maintenance-free, beautiful and 
decorative arrangements and the Pot-pourri mixes. (A mixture of dried 
flowers and leaves used for making a room smell pleasant). Plant parts 
like Rose buds. Ferns, Pine cones, Lily pods, Marigold, etc. are the primary 
raw materials for the floral arrangements. These materials are used 
sometimes after dyeing and colouring. Botanical specimens which 
comprises, flowers, leaves, buds, stems, etc., preserved in the fluid or 
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pressed and dried as herbarium specimens, loss their original colours. 
Apart from the immediate changes, loss of water and desiccation of cell 
contents on drying, the most obvious short-term chemical changes for 
normally dried and stored specimens involve loss or change of colour. 
Little is known about long-term changes in the chemical compostion of 
normally dried and stored plant materials. The main physical changes 
includes destortion of shape, loss of flexibility and brittlement, and these 
changes appear to be primarily caused by loss of water from the specimen 
rather than significant chemical changes (Bedford, David J., 1999). At the 
early stage flower and other parts of plants were dried simply by hanging 
them upside down. But for preserving the original colour and shape 
experimentation started in 1949 with all imaginable ways. Baker, G.E. 
(1949) preserved flowers in deep freeze. Collected flowers packaged in 
lined paper bags of the type sold for food processing and placed in a 
commercial deep freeze locker. Harris, R.H. (1964) described the drying 
technique of Vacuum dehydration and Freeze drying for Animals, Fungi, 
Algae and some flowering plants.In this method specimens first frozen at 
-15 to -20 °C for a few hours; then placed in a vacuum chamber at the 
same temperature together with a quantity of desiccant for absorption of 
the vapour. A paper by Bhartia et al. (1973) looked at combinational 
Microwave and hot air drying of various substances, including Silica gel. 
This work shows that microwaves enhance the rate of drying when 
compared with hot air drying. Davitt, Laurence M, Thomos Cochis (1978) 
of Anniston Museum of Natural History, in Anniston, Alabama, prepared 
Red-oat grass for the use in Savanna diorama. In 1979 NBRI Lucknow, 
India published a bulletin on 'Dehydration of Flowers & Foliage' by well 
known floriculturists and scientists M.A. Kher and J.C. Bhutani. Chase 
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and Hills, (1991) compared Silica gel with Drierite (CaSO^) as a suitable 
desiccant for drying leaf samples. Fuller and Barbe (1981), Hall (1981), 
Sauleda and Adams (1981) refer to drying specimens in a Microwave oven. 
Kathy Reid (2002) preserves flowers by freeze drying technique. Sharon 
Bale (2004) preserved the flowers by drying with the help of Silica gel. 
Drying can often be achieved in air if the relative humidity is sufficiently 
low or with the assistance of dry heat (Forman and Bridson, 1989). 
Pressing plants between moisture-absorbent sheets is a stock method that 
hasten drying (Thompson, 1926). Heat fixation in a Microwave oven is a 
potentially useful technique, for succulent plants (Fuller and Barde 1981, 
Stoddart, 1989). However, in view of problems with 'hot spots' of 
degraded tissue, this method should only be applied with caution. Dry 
preservation, while inexpensive, is inadequate to maintain the form, colour, 
texture and internal morphological integrity of many specimens, especially 
soft materials. (Reid, 1994). 
In wet preservation different kinds of preservatives like Alcohol, 
Formalin, Acetic acid etc. are used. In the process of using these chemicals, 
plant tissues are preserved without much shrinkage there by keeping the 
forms of the specimen almost intact, but the colour of the tender and soft 
parts change within a very short duration because these preservatives 
destroy the natural pigments in the cells. The cause of changing of the 
colours of botanical specimens is due to the pigments which are made up 
of organic compounds and when they come in contact with acids or alkalies 
they get oxidised and start losing and changing their natural colours. Even 
slight change in a pigment structure changes the entire shade of the colour 
of the specimen. When the Magnesium-ion comes out from the Chlorophyll 
structure the green specimen turns brownish. Similarly other pigments 
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like Xanthophyll lose their original colour due to the effect of different 
chemicals on their structure. Preservation of such specimens without 
changing colour is a problem which encounter the museum personnel. 
In 1838, Cleghorn suggested presenting the plant specimen with 
colour in a saturated solution of common salt in water. This method 
preserves the colour only for a few months; and traces of salt get deposited 
as dirt on the inner sides of the container. Mr. C.E. Jones (July, 1917) 
had been preserved green foliage and plants by boiling in a solution of 
Copper acetate and Acetic acid. Maltby, (1926) recommends a number of 
methods for preserving different types of plant parts with colour. For 
preserving green part of plant, he suggests, keeping the specimen in a 
solution of Copper sulphate and bubbling in Sulphur dioxide gas. Blaydes 
(1937) suggests storage of specimens in a 0.2% solution of Copper 
sulphate in the standard Formalin-acete-alcohol. Chandrashekar, M.S. 
(1958) has suggested preserving the green plant specimen with colour. 
The procedure suggested, requires the employment of two solutions -
solution A, saturated solution of Copper sulphate in 10% aqueous Formalin 
; and solutions, 5% aqueous formalin. Knudsen, (1972) reveals that when 
preserving huge quantities of specimens in small containers, increase the 
percentage of Formalin. Use Formal-acetic alcohol (FAA) for preserving 
specimens intended for slide-making and histological studies, in the ratio 
of 93 parts of Formaldehyde to 3 parts of Glacial acetic acid. 
In the light of above facts, some experiments were planned and 
conducted for retention of the colour of some selected plant specimens. 
The present research is a more detailed analysis of the effects of different 
grain size of Silica gel on shrinkage of petals and leaves, effects of 
temperature on natural colour pigments and physical appearance and so 
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on. For the preservation of pigments of plant specimens in liquid 
preservatves, different experiments were also conducted. 
Experiment for wet preservation were divided into two phases. In 
phase one experments for fixing of colour pigments were conducted. In 
Phase two experiments for preservatives were conducted. The following 
plants were selected for the experiments which include: Dahlia, Coccinia 
cordifolia, Iberis amara, Acalypha indica. Asparagus racemosus, Lantana 
indica, Bougainvillea, spectabilis, Sonchus arvensis, Thevetia peruviana, 
Bauhinia sps. All the plant specimens collected between 9:00 am to 11:00 
am. For the preservation of plants in fluids, experiments were started with 
the evaluation of optimum quantity of Copper sulphate with 1 ml 
Formaldehyde for the fixing of Chlorophyll. The specimens Coccinia 
cordifolia, Iberis amara, Acalypha indica. Asparagus racemosus, Lantana 
indica, Bougainvillea, spectabilis, Sonchus arvensis, Thevetia peruviana, 
and Bauhinia sps. and Justicia placed in different chemical concentrations 
for 24 hours for fixing of green colour of the specimens. Coccinia 
cordifolia, Iberis amara, Acalypha indica. Asparagus racemosus, Lantana 
indica, Bougainvillea, spectabilis, Sonchus arvensis, Thevetia peruviana, 
Bauhinia sps. and Justicia, which were not fixed in the any above solutions 
and kept in the new set of solutions. Solution which contains Formaldehyde 
2 ml, and Copper sulphate 1 gm shows retention of good green colour in 
Iberis amara plant, all other plants shown unsatisfactory results in all 
other solutions of this experiments. Solution which consist of Formaldehyde 
2 ml. Copper Sulpahte 1 gm, and Propionic acid 1 ml given more 
satisfactory sesults for Iberis amara. But other specimens like Coccinia 
cordifolia, Acalypha indica, Lantana indica, Bougainvillia spectabilis, 
Thevetia peruviana, and Bauhinia sps. But green colour of Sonchus 
138 
arvensis, andJusticia was not fixed in the above solutions. Solution which 
comprises Formaldehyde 1 ml, and Copper sulphate 32 gm considered as 
the best fixative for Asparagus racemosus species. Specimens those shows 
satisfactory results in different fixative solutions, selected for testing of 
preservative solutions of diffrent chemical concentrations. Samples of 
Asparagus racemosus, Coccinia cordifolia, Acalypha indica, Bauhinia 
sps., Iberis amara, Lantana indica, Bougainvillia spectablis, and Thevetia 
peruviana revealed better results, hence selected for further experiments 
on preservatives. Samples which were best fixed taken out from the 
solution and washed three times with distilled water and placed in 
preservative solutions. Jars were sealed and stored at 18 °C ±2 in dark 
for further evaluation of colour retention. The specimens preserved in 
solutions consists of Formaldehyde 1 ml, and increasing quantity of Citric 
acid from 1 gm to 16 gm shows changes in colour of leaves after 3 days in 
increasing order in all samples. After one month leaves were started to 
fall from anterior side. Within two months green colour of leaves were 
faded completely in all the samples. Specimens preserved in solutions in 
which Citric acid were used as preservative, but none of the specimen 
found satisfactory. After two months of preservation, fungus growth 
developed in all five samples of this experiment and green colour of 
specimens destroyed. Specimens placed in the solution of distilled water. 
Formaldehyde and increasing quantity of Propionic acid from 1 ml to 16 
ml, solution turns milky when quantity of Propionic acid exceeds from 4 
ml. Specimens of solution (Formaldehyde 1 ml, Propionic acid 1 ml) 
reveals good green colour in all samples. No further colour changes found 
in these specimens for 15 months. All the samples that contains 
Formaldehyde 1 ml. Propionic acid 1 ml, and increasing quantity of Citric 
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acid from 1 gm to 16 shows no trace of green colour in any sample. Green 
colour faded in all samples and leaves were fallen in all the samples and 
none of the samples were found satisfactory. It is found that the quantity 
of Formaldehyde and Propionic acid are shown same result as preservative 
for Coccinia cordifolia, Iberis amara, Acalypha indica, Lantana indica, 
Bougainvillia spectabilis, Thevetia peruviana, Bauhinia sps. and 
Asparagus racemosus plants. Bluish white flowers of Iberis amara faded 
after six month, but green colour not faded even after 18 months. The 
experiments in which specimens were best preserved repeated for storage 
in dark and room light during fixing process and final storage. Specimens 
those stored in dark during fixing process and final storage process gives 
more better results than those specimens which were stored in dark only 
during final preservation process. The experiments shows that the quantity 
of Copper sulphate required for better fixation varies with specimen to 
specimen. Some specimens like Bougainvillea shows better fixing in 1 gm 
while other specimens like Asparagus racemosus shows good green colour 
in 32 gm. These results coincides with the findings of Mackenzie (1928), 
who used Copper sulphate with some other chemicals to preserve different 
plant parts, e.g. for mature dark-green foliage, a stronger Copper solution 
was used than for young tender light-green leaves. Chandrasekhar (1958) 
applied saturated solution of Copper sulphate to many other specimens 
found unsatisfactory. The results shows unnatural dark bluish green colour 
appeared on entire specimen. 
The specimens showing good green colour after preservation and 
a fresh specimen of Bougainvillia spectabilis selected for the 
Spectrophotometric anaysis of Chlorophyll contents. The method adopted 
for the estimation of Chlorophyll content was practiced by Mackinney in 
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1941. Spectrophotometric analysis for Chlorophyll contents reveals that 
the specimens firstly fixed in a solution of 1 gm Copper sulphate, 2 ml 
Formaldehyde, and 1 ml Propionic acid and secondly preserved in 
Formaldehyde 1 ml, Propionic acid 1 ml, in which the quantity of 
Chlorophyll a 0.52 mg kg' and quantity of Chlorophyll h 1.03 mg kg-' 
measured in the sample whereas the quantity of Chlorophyll a 0.97 mg 
kg' , and Chlorophyll b 1.97 mg kg ' was measured in fresh samples of 
Bougainvillea spectabilis. 
Specimens of Dahlia, Sonchus arvensis, and Thevetia peruviana 
containing yellow flowers were selected for experiments for the 
preservation of yellow colour pigment. Five solutions comperising 
Formaldehyde 0.5 -8 ml and Propionic acid 1 ml prepared. Specimens 
placed in separate jars of fixing solutions for 24 hours in dark. Thevetia 
peruviana changed into brownish yellow after the treatment and the green 
colour of leaves faded. Although some amount of yellow pigments 
dissolved in the fixative solution. Yellow Dahlia flower and Sonchus 
arvensis fixed well in Propionic acid 1 ml and Formaldehyde 1 ml. Green 
colour of sepals faded in both specimens. Specimens stored in the different 
concentration of preservatives for the evaluation of their effectiveness. 
Solution which containg Formaldehyde 1 ml and Propionic acid 2 ml was 
satisfactory for Sonchus arvensis. Fifteen replicate specimens (Dahlia) 
of which were fixed in above solution prepared to find out appropriate 
concentration of different chemicals as a preservative. Solution consists 
of Distilled water 100 ml, Formaldehyde 1 ml. Propionic acid 1 ml, and 
Glycerine 2 ml were found better preservative for the yellow coloured 
Dahlia flower. Other samples were not found satisfactory. The above 
experiments shows that the same concentration of the Formaldehyde and 
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Propionic acid was works in both fixative and preservative solutions. It 
shows that the 1 ml Formaldehyde and 1 ml Propionic acid was sufficient 
for preservation of Sonchus arvensis and yellow Dahlia flower. In the 
final preservatives 2 ml Glycerine was also added to maintain the flexibility 
of specimens. Present experiments reveals that for the preservation of 
yellow coloured flowers of Sonchus arvensis and Dahlia, no preliminary 
fixation of colour is required. Proposed single solution method for the 
preservation of yellow coloured specimens concides with the work of 
Adriano and Youzen (1933). Further preserved specimens sealed carefully 
in glass jars. It has found that the preserved specimens hold good colour 
more than 24 months. 
Bougainvillea, Cosmos sulphureus. Zinnia, Helianthus debilis 
(Beach Sun flower) and Gaillardia pulchella (Indian Blanket or Blanket 
Flower) were selected for the experiments on dry preservation of 
ornamental plants and flowers. Flowers were placed upside down for 
embedding in Silica gel. Pedicel of flowers reduced to two inches and 
buried in the desiccant material. Flowers of flat petals were selected for 
evaluation of shrinkage because they are easy to measure. Experiments 
were conducted to evaluate total shrinkage after drying and to find out 
optimum size of Silica gel to minimise shrinkage in petals particularly for 
the preservation of shape and texture. Six samples were prepared for the 
evaluation of shrinkage and they were dried in air by hanging upside 
down and treated with various grain size of Silica gel, such as 6-20 mesh, 
15-20, 100-200, and 230-400 mesh. Average width sizes of petals of each 
flower were measured before and after drying. Experiments reveals that 
the natural drying and specimen hurried in coarse grains of Silica gel are 
not suitable to preserve shape and texture of flowers. The experiments 
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reveals that specimens which were dried in upside down hanging has 
maximum shrinkage, and when such shrinkage occure, it is impossible to 
preserve texture of the specimen. In case of natural drying flowers lose 
their natural shape and maximum shrinkage occur and completely deform 
the texture. Course grained Silica gel also not suitable for the preservation 
of natural shape and texture due to their coarseness and heaviness which 
also damage petals. Heavy grains causes weight over the specimens which 
results in the deformation of flowers and leaves while stems and other 
hard parts like spines does not shows considerable shrinkage. Moreover 
large grains of Silica gel does not come in contact with the entire surface 
of petals and leaves which leave large intergranular spaces in comparision 
with fine grains. These intergranular spaces also provide enough space to 
shrink. Sharp edges of the grains touches the surface of specimens which 
damage petals by pinching and makes small holes. It is recommended for 
the spongy or hollow stems that a non-corrosive metal wire may be inserted 
to the spongy stems before drying to reduce the shrinkage. But woody 
stems shows minor shrinkage after drying process. It is observed that the 
intensity and duration of temperature is important for the colour 
preservation in flowers. The weight of flowers also taken before and after 
drying process in order to evaluate the dryness of the specimens. Blanket 
flower were dehydrated at different temperature. Then the specimens were 
weighed periodically untill a constant weight achieved. The specimens 
were placed in a glass jar of appropriate size with 100 gm dehydrated 
self-indicating Silica gel for one hour to test the completion of 
dehydration. Weight of specimens taken five times after one hour interwell. 
The results shows that 76 percent water removed from specimens by this 
method. Samples which were dried at 140 °C, altered the colour of the 
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flower considerebly and due to crispy nature of petals, it was difficult to 
remove the flower from the desiccant. Photographs were taken before 
and after drying process for showing colour changes in dried flowers. 
Specimens which were dried at 140 °C for 2 hours shows minimum colour 
retention though they were dried quickly. Specimens which were dried at 
100 °C for 4 hours shows better results than earlier sample. The specimens 
dried at 37 °C for 72 hrs shows better colour retension than earlier sample. 
Results of the experiment matches with Pamela Westland, (1995) who 
reported that, In case of oven drying, over-processing makes the material 
unacceptably brittle. Flowers dried at temperature of 34 °C reveals 
brilliancy of colours while drying specimens at the temperature more than 
37 "C fade the colours considerably. Although specimens dried at 34 °C 
takes more time to dry completely but they retain colour more than those 
specimens dried at 37°C which takes less time. Use of sieve plate of 
appropriate size is helpful for the safe removal of dried specimens from 
the desiccant. Earlier workers used to tilting of vessels to remove the 
specimens from the deciccant which damage specimens and is not 
convinient for safe removal of the specimens from the desiccant. Dried 
specimens must be stored quikly in air tight jars to prevent absorption of 
moisture from the air. It must be stored in sealed glass or plastic containers 
with some amount of coarse grained self-indicating Silica gel to maintain 
the moisture level. Preserved specimens should be stored at optimum 
temperature and relative humidity preferabely at the range of 18- 20 °C 
and RH 50- 55% for long lasting effect. 
Advantages of proposed technique of wet preservation: 
1. This process takes less time to complete the whole process of 
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preservation. 
2. It ensure preservation of Chlorophyll contents in green specimens. 
3. The proposed method is economical and technique is simple to adopt 
for small museum and labs. 
4. The proposed methods will be helpful for museum curators to 
enhance the aesthetic look of their wet preserved collection. 
Advantages of proposed technique of dry preservation: 
1. It preserves natural appearance and texture of the specimens. 
2. The dry preservation technique shows maximum colour retension. 
3. Completely safe from burning of specimens, as mostly happen in 
the case of hot-sand method, Microwaves, and oven methods. 
4. Dry preserved specimens can be used as display purpose, decorative 
pieces, commercial purpose and for reference material in 
botanical museums and herbarium. 
Recommendations 
In the light of above facts the following recommendations are mere 
made for the benefit of further workers: 
1. Spectrophotometric analysis of Chlorophyll content must be 
performed at the time of collection of specimens and soon after 
the preservation process has completed for more deep analysis of 
the experiment. 
2. It is necessary to use of suitable apparatus for dry air circulation 
during drying process. It will replace the humid in and around the 
flower with dry air. This process will enhance the drying rate and 
improve the quality of colours during preservation. 
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3. Drying of plants at a temperature less than 30 °C with circulated 
dry air in desiccant may be helpful for DNA preservation in the 
dried specimens. 
4. Use of suitable equipment for colour measurement (Spectroscopy) 
before and after drying process is completed to show more accurate 
findings. 
5. Injecting the synthetic colours prior to drying the specimens may 
give better colour retention and these type of specimens may be 
useful in floriculture industry. 
6. Transgenic plants with highly sophisticated flowers having durable 
colours and strong petals which are supposed to resistant to various 
environmental conditions may be produced to achieve better results 
for the preservation of botanical specimens and would be beneficial 
for floriculture industry. Lyco Red company's research team has 
developed new LRT (Lycopene rich tomato) varieties of tomato 
with twice as much lycopene as present conventionally 
(Ravishankar, G.A. and Vasudha Mudgil, 2004). 
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1. 
2. 
3. 
4. 
5. 
6. 
APPENDIX A Equipment Specifications 
Distilled Water Plant 
Refrigerated Biological Incubator 
Capacity 
Made in India 
Electronic Balance 
Brand 
Model No. 
Capacity 
Accuracy 
Min. to weight 
Operating temperature 
Power source 
Digital Camera 
Brand 
Model No. 
Made in Indonesia 
Spectrophotometer 
Manufacturing company 
Mortar and Pestle 
0°C - 60°C 
Samson 
S - 150 
150 g (Max = 150gd = 0.01g) 
10 mg 
0.2 g 
0=40 °C (32=104 °F) 
6 X AA size batteries or 
Adapter 9 V 100mA 
Nikon 
E2500 
De cibel Instruments, Chandigarh, India 
Tsr 
7. 
8. 
9. 
10. 
Centrifuge 
Made in India 
Lux Meter (Digital) 
Model No. 
Manufacturing Company 
Digital Thermometer 
Brand 
Model No. 
Measurement range 
Resolution 
Accuracy 
Power source 
Made in China 
Oven 
Model No. 
Capacity 
Power Source 
Manufacturing Company 
LX-101 LUX METER 
Not known 
MEXTECH 
ST-9269A/B/C 
-50°C - +150°C 
±0.1° for-19.9°, otherwise 1° 
[]± 1°C in the range of 
-30°C- +150°C 
1X1.5V, "AAA" Size Battery 
SVO-40 
50°C - 300°C 
220V AC 
Scientronics Instrumens, New Delhi 
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1. 
2. 
3. 
4. 
APPENDIX B Chemical Specifications 
Acetone (CHj)^ CO 
Product No. 33517 
Minimum assay (by G.L.C.) - 99% 
Wt. per ml. at 20 °C - 0.790-0.792g 
Maximum limits of impurities 
Acidity- 0.2mlN/l% 
Non-volatile matter - 0.005% 
Water - 0.5% 
Manufacturing Company : Qualigens Fine Chemicals, Mumbai 
Formaldehyde HCHO 
Product No. 24008 
Assay (acidimetric) as HCHO - 37-41% 
Wt. per ml at 20 °C - 1.075-1.095g 
Methanol content - 10-15% 
Maximum limits of impurities 
Acidity- 3mlN/l% 
Ash - 0.02% 
Chloride (cl) - 0.001% 
Manufacturing Company : Qualigeijs Fine Chemicals, Mumbai 
Copper Sulphate CuSO^SH^O 
Product Code - C0390 
Assay - NLT 99.0% 
Minimum limits of imputities 
Choride(Cl) 0.005% 
Total nitrogen (N) 0.01 % 
Iron (Fe) 0.05% 
Alkalines 0.3% 
Water insoluble matter 0.02% 
Manufacturing compay Ranbaxy Fine Chemicals Limited, New Delhi 
Propionic acid C3H^02 
M=74.08g/mol 
(1 L = 0.99Kg) 
Specification : 
Assay (C3H6)2) 99% 
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5. 
6. 
7. 
8. 
Density (d20"/4^) 0.993-0.994 
Water 0.1% 
Manufacturing company E.Merck (India) Limited, Worli, Bombay 
Citric acid C,H,0,.HjO 
Specifications. 
Assay (C,H,0,.H,0) 99.5% 
Chloride (cl) 0.001% 
Sulfate (SO J 0.01% 
Oxalate (C,OJ 0.05% _ 
Heavy metals (as Pb) 0.001% 
Lead (Pb) 0.001% 
Copper (Cu) 0.001% 
Iron (Fe) 0.0005% 
Zinc(Zn) 0.001% 
Arsenic (As) 0.0001% 
Calcium (Ca) 0.02% 
Barium (Ba) 0.002% 
Readily carbonisable 
Substances Passes test 
Water 7.5 - 9% 
Sulfated ash 0.05% 
Ma nufaturing Company E. Merck (India) Limited, Mumbai 
Picric acid 
Product No. 35973 
Saturated aqueous solution 
(approx. 1.2% w/v) 
Manufaturing company Qualigens, Mumbai 
Glycerine CHjOH.CHOH.CHjOH 
Product No. 24505 
Minimum Assay (by GC) 99% 
Wt. per ml at 20 °C - 1.255-1.260g 
Neutrality - A 20% solution is neutral to litmus 
Maximum limits of impurities 
Ash - 0.02% 
Manufacturing Company ; Qualigens Fine Chemicals, Mumbai 
Distilled water 
Prepared in the Research lab of the Department of Muscology, 
AMU. 
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9. 
10. 
11. 
12. 
9. 
10. 
- , 
Silica Gel 
Particle size . 6 - 2 0 mesh 
Product No. SOI 1112 
Absorption capacity : Absorbs min. 25 - 30% of its wt. of 
water at 20°C 
Manufacturing company : Qualigens Fine chemicals Pvt. Ltd. New Delhi 
Silica Gel Self indicating coarse (Blue) and White 
Particle size : 5 - 8 mm 
Product No. 030060 
Specification: 
Impregnated with 1.0 to 1.5% Cobalt chloride 
Absorption capacity : Absorbs min. 30% of its wt. of water at 20°C 
Manufacturing Company : Central Drug House (P) Ltd. New Delhi 
Silica Gel white self-indicating coarse 
Product No. 030062 
CDH, Bombay 
Silica Gel self-indicating (Blue) 
Article No. 5692 
Particle size 6-20 mesh 
Loss on drying at 150°C approx. 2% 
Water absorption capacity (24 hr. 80% RH) max. 27% 
Manufacturing company : LOBACHEMIE PVT. LTD. Bombay 
Silica Gel 
Particle size : 100 - 200 Mesh 
pH (10% suspension) about 7.0 
Product No. 024397 
Manufacturing Company : CDH, New Delhi 
Silica Gel 
Particle size : 230 - 400 Mesh 
Product No. 024366 
Manufacturing Company : CDH, New Delhi 
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APPENDIX C Plant Materials 
S. No. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
Name of Plant 
Acalypha indica 
Asparagus racemosus 
Bauhiniasps. 
Bougainvillea spectabilis 
Callistemon citrinus 
Coccinia cordifolia 
Cosmos sulphureus 
Dahlia 
Gaillardia pulchella (Indian Blanket) 
Helianthus debilis (Beach Sun flower) 
Iberis amara 
Lantana indica 
Rose 
Sonchus arvensis 
Thevetia peruviana 
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APPENDIX D Experimental Data 
Wet Preservation 
Experiments for Fixative 
Experiment 1 
Sample 1 
Sample 2 
Sample 3 
Sample 4 
Sample 5 
Sample 6 
Effect of Copper Sulphate with 1 ml formaldehyde 
on green colour leaf of Coccinia cordifolia, 
Bauhinia sps, Bougainvillia spectabilis, Acalypha 
indica, Asparagus racemosus, Justicia, Iberis 
amara. 
Distilled water 100 ml 
Formaldehyde 1 ml 
Copper sulphate 1 gm 
Distilled water 100 ml 
Formaldehyde 1 ml 
Copper sulphate 2 gm 
Distilled water 100 ml 
Formaldehyde 1 ml 
Copper sulphate 4 gm 
Distilled water 100 ml 
Formaldehyde 1 ml 
Copper sulphate 8 gm 
Distilled water 100 ml 
Formaldehyde 1 ml 
Copper sulphate 16 gm 
Distilled water 100 ml 
Formaldehyde 1 ml 
Copper sulphate 32 gm 
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Wet Preservation 
Experiments for Fixative 
Experiment 2 
Sample 1 
Sample 2 
Sample 3 
Sample 4 
Sample 5 
Sample 6 
Sample 7 
__...., 
Effect of formaldehyde with 32 gm copper 
on leaves of Asparagus racemosus . 
Distilled water 100 ml 
Copper sulphate 32 gm 
Formaldehyde 1 ml 
Distilled water 100 ml 
Copper sulphate 32 gm 
Formaldehyde 2 ml 
Distilled water 100 ml 
Copper sulphate 32 gm 
Formaldehyde 4 ml 
Distilled water 100 ml 
Copper sulphate 32 gm 
Formaldehyde 8 ml 
Distilled water 100 ml 
Copper sulphate 32 gm 
Formaldehyde 16 ml 
Distilled water 100 ml 
Copper sulphate 32 gm 
Formaldehyde 32 ml 
Distilled water 100 ml 
Copper sulphate 32 gm 
Formaldehyde 64 ml 
sulphate 
169 
APPENDIX D Experimental Data 
Wet Preservation 
Experiments for Fixative 
Experiment 3 
Sample 1 
Sample 2 
Sample 3 
Sample 4 
Sample 5 
' Saturated aqueou 
Effect of Picric Acid with 32gm copper sulphate 
1ml formaldehyde on green colour 
Distilled water 100 ml 
Formaldehyde 1 ml 
Copper sulphate 32 gm 
Picric acid* 1 ml 
Distilled water 100 ml 
Formaldehyde 1 ml 
Copper sulphate 32 gm 
Picric acid* 2 ml 
Distilled water 100 ml 
Formaldehyde 1 ml 
Copper sulphate 32 gm 
Picric acid* 4 ml 
Distilled water 100 ml 
Formaldehyde 1 ml 
Copper sulphate 32 gm 
Picric acid* 8 ml 
Distilled water 100 ml 
Formaldehyde 1 ml 
Copper sulphate 32 gm 
Picric acid* 16 ml 
s solution 
and 
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Wet Preservation 
Experiments for Fixative 
Experiment 4 
Sample 1 
Sample 2 
Sample 3 
Sample 4 
Sample 5 
Effect of Propionic acid with 1ml formaldehyde and 
32 gm copper sulphate on green colour of leaves ol 
Iheris amara, Coccinia cordifolia, Acalypha indica, 
Lantana indica, Bougainvillia spectabilis, Thevetia 
peruviana, Bauhinia sps, Callistemon citrinus. 
Distilled water 100 ml 
Formaldehyde 1 ml 
Copper sulphate 32 gm 
Propionic acid 1 ml 
Distilled water 100 ml 
Formaldehyde 1 ml 
Copper sulphate 32 gm 
Propionic acid 2 ml 
Distilled water 100 ml 
Formaldehyde 1 ml 
Copper sulphate 32 gm 
Propionic acid 4 ml 
Distilled water 100 ml 
Formaldehyde 1 ml 
Copper sulphate 32 gm 
Propionic acid 8 ml 
Distilled water 100 ml 
Formaldehyde 1 ml 
Copper sulphate 32 gm 
Propionic acid 16 ml 
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Wet Preservation 
Experiments for Fixative 
Experiment 5 
Sample 1 
Sample 2 
Sample 3 
Sample 4 
Sample 5 
Effect of 1 gm copper sulphate with formaldehyde on 
green colour of Ibais amara,Coccima conUfoUa, 
Acafypha indica, Lantana indica, BougairmUia 
spectabilis, Thevetiaperuviana, Bauhinia sps, 
Callistemon citrinus. 
Distilled water 100 ml 
Copper sulphate 1 gm 
Formaldehyde 1 ml 
Distilled water 100 ml 
Copper sulphate 1 gm 
Formaldehyde 2 ml 
Distilled water 100 ml 
Copper sulphate 1 gm 
Formaldehyde 4 ml 
Distilled water 100 ml 
Copper sulphate 1 gm 
Formaldehyde 8 ml 
Distilled water 100 ml 
Copper sulphate 1 gm 
Formaldehyde 16 ml 
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Wet Preservation 
Experiments for Fixative 
Experiment 6 
Sample 1 
Sample 2 
Sample 3 
Sample 4 
Sample 5 
Effect of Propionic acid with 2 ml formaldehyde and 
1 gm copper sulphate on green colour of Iberis 
amara, Coccinia cordifolia, Acalypha indica, 
Lantana indica, Bougainvillia spectabilis, Thevetia 
peruviana, Sonchus arvensis, Justicia and Bauhinic 
Distilled water 100 ml 
Copper sulphate 1 gm 
Formaldehyde 2 ml 
Propionic acid 1 ml 
Distilled water 100 ml 
Copper sulphate 1 gm 
Formaldehyde 2 ml 
Propionic acid 2 ml 
Distilled water 100 ml 
Copper sulphate 1 gm 
Formaldehyde 2 mi 
Propionic acid 4 ml 
Distilled water 100 ml 
Copper sulphate 1 gm 
Formaldehyde 2 ml 
Propionic acid 8 ml 
Distilled water 100 ml 
Copper sulphate 1 gm 
Formaldehyde 2 ml 
Propionic acid 16 ml 
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APPENDIX D Experimental Data 
Wet Preservation 
Experiments for Preservatives 
Experiment 7 Effect of Citric acid with 1 ml formaldehyde in 
distilled water on a fixed green coloured specimens 
of Asparagus racemosus, Coccinia cordifolia, 
Acalypha indica, Bauhinia sps, Iberis amara, 
Lantana indica, Bougainvillia spectabilis, and 
Thevetia peruviana. 
Sample 1 
Distilled water 
Formaldehyde 
Citric acid 
100 ml 
1ml 
1 gm 
Sample 2 
Distilled water 
Formaldehyde 
Citric acid 
100 ml 
1ml 
2gm 
Sample 3 
Distilled water 
Formaldehyde 
Citric acid 
100 ml 
1 ml 
4gm 
Sample 4 
Distilled water 
Formaldehyde 
Citric acid 
100 ml 
1 ml 
8gm 
Sample 5 
Distilled water 
Formaldehyde 
Citric acid 
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100 ml 
1 ml 
16 gm 
APPENDIX D Experimental Data 
Wet Preservation 
Experiments for Preservatives 
Experiment 8 
Sample 1 
Sample 2 
Sample 3 
Sample 4 
Sample 5 
Effect of Propionic acid and 1 ml Formaldehyde 
on on flxed green coloured specimens of Asparagui 
racemosus, Coccinia cordifolia, Acafypha indica, 
Bauhinia sps, Iberis amara, Lantana indica, 
Bougainvillia spectabilis, and Thevetia peruviana. 
Distilled water 100 ml 
Formaldehyde 1 ml 
Propionic acid 1 ml 
Distilled water 100 ml 
Formaldehyde I ml 
Propionic acid 2 ml 
Distilled water 100 ml 
Formaldehyde 1 ml 
Propionic acid 4 ml 
Distilled water 100 ml 
Formaldehyde 1 ml 
Propionic acid 8 ml 
Distilled water 100 ml 
Formaldehyde 1 ml 
Propionic acid 16 ml 
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Wet Preservation 
Experiments for Preservatives 
Experiment 9 
Sample 1 
Sample 2 
Sample 3 
Sample 4 
Sample 5 
Effect of Citric acid with 1ml Propionic acid and 1 
ml Formaldehyde on green colour of Asparagus 
racemosus , Coccinia cordifolia, Acalypha indica, 
Bauhinia sps, Iberis amara, Lantana indica, 
Bougainvillia spectabilisy and Thevetia peruviana. 
Distilled water 100 ml 
Formaldehyde 1 ml 
Propionic acid 1 ml 
Citric acid 1 gm 
Distilled water 100 ml 
Formaldehyde 1 ml 
Propionic acid 1 ml 
Citric acid 2 gm 
Distilled water 100 ml 
Formaldehyde 1 ml 
Propionic acid 1 ml 
Citric acid 4 gm 
Distilled water 100 ml 
Formaldehyde 1 ml 
Propionic acid 1 ml 
Citric acid 8 gm 
Distilled water 100 ml 
Formaldehyde 1 ml 
Propionic acid 1 ml 
Citric acid 16 gm 
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Wet Preservation 
Preservation of Yellow Coloured Flowers 
Experiments for Fixative 
Experiment 10 
Sample 1 
Sample 2 
Sample 3 
Sample 4 
Sample 5 
Effect of formaldehyde with 1 ml propionic acid in 
Dahlia, Sonchus arvensis, and Thevetiaperuviana. 
Distilled water 100.0 ml 
Propionic acid 1.0 ml 
Formaldehyde 0.5 ml 
Distilled water 100 ml 
Propionic acid 1 ml 
Formaldehyde 1 ml 
Distilled water 100 ml 
Propionic acid 1 ml 
Formaldehyde 2 ml 
• 
Distilled water 100 ml 
Propionic acid 1 ml 
Formaldehyde 4 ml 
Distilled water 100 ml 
Propionic acid 1 ml 
Formaldehyde 8 ml 
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Preservation of Yellow Coloured Flowers 
Experiments for Preservative 
Experiment 11 
Sample 1 
Sample 2 
Sample 3 
Sample 4 
Sample 5 
Effect of Formaldehyde and 1 ml propionic acid on 
fixed specimens of Dahlia and Sonchus arvensis. 
Distilled water 100 ml 
Propionic acid 1 ml 
Formaldehyde 1 ml 
Distilled water 100 ml 
Propionic acid 1 ml 
Formaldehyde 2 ml 
Distilled water 100 ml 
Propionic acid 1 ml 
Formaldehyde 4 ml 
Distilled water 100 ml 
Propionic acid 1 ml 
Formaldehyde 8 ml 
Distilled water 100 ml 
Propionic acid 1 ml 
Formaldehyde 16 ml 
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Preservation of Yellow Coloured Flowers 
Experiments for Preservative 
Experiment 12 
Samplel 
Sample 2 
Sample 3 
Sample 4 
Sample 5 
Effect of Propionic acid and 1 ml Formaldehyde on 
fixed specimens of Dahlia and Sonchus arvensis. 
Distilled water 100 ml 
Formaldehyde 1 ml 
Propionic acid 1 ml 
Distilled water 100 ml 
Formaldehyde 1 ml 
Propionic acid 2 ml 
Distilled water 100 ml 
Formaldehyde 1 ml 
Propionic acid 4 ml 
Distilled water 100 ml 
Formaldehyde 1 ml 
Propionic acid 8 ml 
Distilled water 100 ml 
Formaldehyde 1 ml 
Propionic acid 16 ml 
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Preservation of Yellow Coloured Flowers 
Experiments for Preservative 
Experiment 13 
Sample 1 
Sample 2 
Sample 3 
Sample 4 
Sample 5 
Effect of Glycerine, 1 ml Formaldehyde and 
1 ml Propionic acid on fixed specimens of Dahlia 
and Sonchus arvensis. 
Distilled water 100 ml 
Formaldehyde 1 ml 
Propionic acid 1 ml 
Glycerince 1 ml 
Distilled water 100 ml 
Formaldehyde 1 ml 
Propionic acid 1 ml 
Glycerince 2 ml 
Distilled water 100 ml 
Formaldehyde 1 ml 
Propionic acid 1 ml 
Glycerince 4 ml 
Distilled water 100 ml 
Formaldehyde 1 ml 
Propionic acid 1 ml 
Glycerince 8 ml 
Distilled water 100 ml 
Formaldehyde 1 ml 
Propionic acid 1 ml 
Glycerine 16 ml 
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Green Colour Preservation 
Experiments for Chlorophyll Analysis 
Experiment 14 
Sample 1 
(Preserved sample) 
Sample 2 
(Fresh Sample) 
Estimation of Chlorophyll content of fresh and 
preserved specimens of Bougainvillia 
spectabilis by Spectrophotometer. 
Volume 50 ml 
Mass 0.1 gm 
Absorbance at 645 nm 0.112 
Absorbance at 663 nm 0.105 
Volume 50 ml 
Mass 0.1 gm 
Absorbance at 645 nm 0.212 
Absorbance at 663 nm 0.198 
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Experimental Data 
Dry Preservation 
Experiment 15 
Sample 1 
Sample 2 
Sample 3 
Evaluation of shrinkage in Helianthus 
debilis flower petals. 
Flower 
Width of Petals (before drying) 
Method 
Temperature 
Width of Petals (after drying) 
Duration 
Flower 
Width of Petals (before drying) 
Method 
Temperature 
Width of Petals (after drying) 
Duration 
Flower 
Width of Petals (before drying) 
Method 
Temperature 
Width of Petals (after drying) 
Duration 
Helianthus debilis 
7.5- 8.0 mm 
Air drying 
38 "C 
2.0 - 3.0 mm 
4 days 
Helianthus debilis 
8.0- 8.5 mm 
Silica gel Coarse 
38 "C 
2.0 - 4.0 mm 
4 days 
Helianthus debilis 
8.5 -9.0 mm 
Silica gel 6-20 mesh 
38 °C 
5.5 - 6.0 mm 
4 days 
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Sample 4 
Sample 5 
Sample 6 
Flower 
Width of Petals (before drying) 
Method 
Temperature 
Width of Petals (after drying) 
Duration 
Flower 
Width of Petals (before drying) 
Method 
Temperature 
Width of Petals (after drying) 
Duration 
Flower 
Width of Petals (before drying) 
Method 
Temperature 
Width of Petals (after drying) 
Duration 
Helianthus debilis 
8.0- 8.5 mm 
Silica gel 15-20 mesh 
38 °C 
5.0 - 6.0 mm 
4 days 
Helianthus debilis 
8.0- 8.7 mm 
Silica gel 100-200 mesh 
38 "C 
6.3 - 6.8 mm 
4 days 
Helianthus debilis 
8.0- 9.0 mm 
Silica gel 230-400 mesh 
38 °C 
6.5-7.0 mm 
4 days 
1 
189 
Dry Preservation 
Experiments for 
Preservation of Colours 
190 
Experimental Data 
Dry Preservation 
Experiment 16 
Sample 1 
Evaluation of optimum temperature and duration foi 
flower drying for colour preservation. 
Flower 
Silica gel 
Temperature 
Equipment 
No. of Flowers 
Gaillardiapulchella (Indian Blanket) 
230-400 mesh 
34 °C 
B O D . 
7 
Time (Hours) 
0 
1 
2 
3 
4 
5 
24 
48 
72 
96 
120 
Weight (gm) 
4.90 
4.87 
4.82 
4.76 
4.65 
4.48 
1.13 
1.05 
0.94 
0.92 
0.92 
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Experimental Data 
Dry Preservation 
Experiment 17 
Sample 2 
Evaluation of optimum temperature and duration foi 
flower drying for colour preservation. 
Flower 
Silica gel 
Temperature 
Equipment 
No. of Flowers 
Gaillardiapulchella (Indian Blanket) 
230-400 mesh 
37 °C 
B O D . 
8 
Time (Hours) 
0 
1 
2 
3 
4 
5 
24 
48 
72 
96 
Weight (gm) 
6.02 
5.93 
5.52 
5.01 
4.25 
3.04 
1.73 
1.44 
1.43 
1.43 
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Dry Preservation 
Experiment 18 Evaluation of optimum temperature and duration for 
flower drying for colour preservation. 
Sample 3 Flower 
Silica gel 
Temperature 
Equipment 
No. of Flowers 
Gaillardiapulchella (Indian Blanket) 
230-400 mesh 
100 "C 
Vaccum Thermostat 
Time 
Omin 
30 min 
60 min 
90 min 
2hrs 
3hrs 
4 hrs 
5hrs 
Weight (gm) 
5.56 
4.48 
3.21 
2.04 
1.62 
1.34 
1.32 
1.32 
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Dry Preservation 
Experiment 19 
Sample 4 
Evaluation of optimum temperature and duration foi 
flower drying for colour preservation. 
Flower 
Silica gel 
Temperature 
Equipment 
No. of Flowers 
Gaillardia pulchella (Indian Blanket) 
230-400 mesh 
140 °C 
Vaccum Thermostat 
8 
Time (Minutes) 
0 
10 
20 
30 
60 
90 
120 
150 
Weight (gm) 
5.01 
4.24 
3.02 
1.21 
1.17 
1.16 
1.15 
1.15 
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The Metric System 
of Weight and Measures 
Linear Measure: 
1 millimeter = 
1 centimeter = 10 mm 
1 decimeter = 10 cm 
1 meter = 100 cm 
Cubic Measure: 
1 cubic centimeter = 
1 cubic meter 
Capacity Measure: 
1 millilitre = 
1 centilitre = 10 ml = 
1 decilitre = 10 cl = 
1 litre = 100 cl 
1 decalitre =10 litre = 
0.039 inch 
0.394 inch 
= 3.94 inches 
1.094 yards 
0.061 cu. inch 
1.308 cu. yard 
0.002 pint (British) 
0.018 pint 
0.176 pint 
1.76 pint 
2.20 gallons 
Note: 1 litre is almost exactly equivalant to 1000 cubic centimetres. 
Weight: 
1 milligram = 
1 centigram = lOmg = 
1 decigram = 10 eg = 
1 gram = 10 dg = 
1 decagram = 10 g = 
1 hectogram = 100g = 
0.015 grain 
0.154 grain 
1.543 grain 
15.43 grains 
5.64 drams 
3.527 ounces 
1 tonne (metric ton) = 1,000 kg = 0.984 (long) ton 
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Temperatures : Celsius (centigrade) and Fahrenheit 
Celsius 
-17.8° 
-10° 
0° 
10° 
20° 
30° 
40° 
50° 
60° 
70° 
80° 
90° 
100° 
Fahrenheit 
0° 
14° 
32° 
50° 
68° 
86° 
104° 
122° 
140° 
158° 
176° 
194° 
212° 
To convert Celsius into Fahrenheit: multiply by 9, divided by 5, and add 32. 
To convert Fahrenheit into Celsius: subtract 32, multiply by 5, and divide by 9. 
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APPENDIX H Glassware and Other Materials 
S.No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
Material 
Bel Jars 
Cotton thread 
Glass jars 
Glass plate (for mounting specimens) 
Glass rod 
Measuring flask 
Museum Jars 
Polythene Bag (Black) 
Polythene sheet (transparent) 
Razor 
Rubber band 
Scissors 
Sieve Plates 
Syringe 
Test tube 
Volumetric flask (100 ml) 
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APPENDIX I 
Equations and Formulae 
Chlorophyll content (Mackinney, 1941) : 
Chlorophyll a 
V 
mg chlorophyll a kg l tissue =12.7 {K^^ - 2.69 (A^ j^) X 
1000 xW 
Chlorophyll b 
V 
mg chlorophyll b kg l tissue = 22.9 (A^^ j) - 4.68 (A^g,) X 
1000 x W 
A = absorbance at specific wavelengths 
V = final volume ofchlorophyll extract in 80% acetone 
W = fi-esh mass of tissue, used for extraction 
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APPENDIX J 
Glossary 
Autolysis 
B.O.D. 
Fix 
Fixation 
IMS 
Penetration 
Preservation 
Preservative 
Spectrometer 
Spectroscope 
Spectroscopy 
Spirit 
Breakdown of dead tissue caused by its own 
enzymatic/acidic secretions (self-digestion). 
Biological Oxygen Demand Chamber 
To stabilize specimens by changing their chemistry 
while preserving as far as possible their microscopic 
structure. 
Initial stage of preservation involving precipitation or 
chemical combining with cellular proteins to prevent 
decay, lysis or osmotic collapse. 
Industrial Methylated Spirit, 74 OP (over proof) 
Methylated Ethanol. 
Rate at which a fixative can fix tissue. 
Maintenance of state of fixation. 
Chemical compound which maintains preserved state. 
Equipment for measuring the wave-lengths of spectra. 
Equipment for forming and looking at spectra. 
The study of forming and looking at Spectra using 
spectrometers, spectroscopes etc. 
Genetic name for various concentrations of ethanol 
with or without the addition of methanol; see also 
IMS. 
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